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Make it for a Song! 



The New Maplin Matinee 



Amazing Value 
For Only 


£299.95 


+ £99.50 for cabinet if required. 


Easy to build. Latest technology - means less 
cost, less components and 80% less 
wiring. Comparable with organs selling lor up 
to £1,000.00. Two 49-note manuals. 13-note 
pedalboard. All organ voices on 
drawbars. Preset voices: Banjo, Accordion, 
Harpsichord, Piano, Percussion. Piano sustain 
Sustain on both manuals, and pedalboard. 
Electronic rotor, last and slow. Vibrato 
and Delayed vibrato. Reverb. 

Manual and Auto-Wah. Glide 
(Hawaiian Guitar Sound). Single 
linger chording plus memory. 30 
Rhythms! 8-instrument voicing. 

Major, Minor and Seventh chords. 
Unique walking bass lines with each rhythm. 
Unique countermelody line with each rhythm. 
Truly amazing value for money. 

Full construction details in Electronics & 

Music Maker magazine. 


The complete buyers' guide to electronic 
components. With over 300 pages, it's a 
comprehensive guide to electronic 
components with thousands of 
photographs and illustrations and page 
after page of invaluable data Get a copy 
now — it's the one catalogue you can't 
afford to be without. 
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Post this coupon now for your copy of our 1981 
catalogue price £1. 

Please send me a copy of your 320 page catalogue. I 
enclose £1 (Plus 25p p&p). If I am not completely 
satisfied I may return the catalogue to you and have my 
money refunded. If you live outside the UK send £ 1.68 
or 12 International Reply Coupons 
I enclose £1.25. E4/81 

Name_ 


Address_ 


impun 

Maplin Electronic Supplies Ltd 

All mail to P O Box 3, Rayleigh, Essex SS6 8LR 

Telephone Southend (0702) 554155 Sales (0702) 55291 1 

Shops 

159 161 King Street. Hammersmith, London W6 Telephone (01)748 0926 
284 London Road, Westcliff on-Sea, Essex Telephone Southend (0702) 554000 
Both shops closed Mondays 


Catalogue now on sale in all branches of WHSMITH Price £1.00 
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selektor . 4-01 

transistor match-maker. 4-04 


This is a device capable of picking matched transistor pairs from a whole 
pile of 'possibles', and all within seconds. Two transistors will be 'matched' 
if their base/emitter voltage and their current amplification are the same. 

It really is an indispensable aid and saves hours of tedious work. 

universal power supply. 4-06 

Eiektor presents a power unit that is bound to be popular: it is cheap, 
straightforward and can be used for a variety of purposes, including 
experiments, as it can be adjusted between 0 and 20 V. 

intelekt. 4-10 

The chess computer described in this article plays a good game. It is 
designed around Intel's new 8088 16-bit microprocessor and features both 
reasonable speed and reasonable intelligence. Being able to play at various 
levels of skill, it will make a worthy opponent for many chess enthusiasts. 

humidity sensor. 4-19 

Detecting humidity involves a great deal more than meets the eye. Until 
recently, the few reliable devices available were too complex for 
widespread use. This article presents a humidity sensor that has many 
advantages, despite its unsophisticated circuitry. Incorporated directly into 
an electrical measuring circuit, it will serve a variety of purposes, besides 


whi^ it is easy to operate, maintain and calibrate. 

we haven't forgotten the TV games computer!. 4-21 

logic analyser II . 4-22 


Last month, the basic principles of the logic analyser were explained with 
the aid of block diagrams. Now the moment has arrived to see what the 
actual circuit diagrams look like. Again, the unit has been split up into two 
sections: the logic analyser itself and the cursor circuit. This makes it 
easier to 'place' the various parts previously shown in the block diagrams. 

crystal-controlled stroboscope. 4-26 

It is common practice for record player manufacturers to include a 
stroboscope with a speed calibration disc. This is very cheap and extremely 
accurate — especially if it is crystal-controlled. Find out how to make your 


own. 

junior cookbook. 4-28 

Here are a few healthy recipes to keep you and your computer in good 
shape until Book Two arrives. 

market... 4-32 

adv^,users' index.UK-20 


SPECIAL SUPPLEMENT: 

16-bit microprocessors 

The pace of present-day developments in computer science is amazing. 
Now even 16-bit 'micro' processor systems are integrated on a single chip 
and already equal, if not surpass, modern 'minicomputers'. This means 
that a full-fledged personal computer is within any enthusiast's reach. The 
only problem is: which one? This article gives a survey of the available 
types and discusses the pros and cons of each particular system. 
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E41: SEPTEMBER 1978 


Many Elektor circuits are accompanied by designs for 
printed circuits. For those who do not feel inclined to 
etch their own printed circuit boards, for their own 
use only, a number of these designs are available as 
ready etched and pre-drilled boards. Delivery time is 
approximately three weeks, U.K./air mail. 


Example: 

digisplay < E13) 

9376 3.25 7.25 

1 2 

3 '~4~' T" 

1. Circuit title 


j 2. reference to associated article(s) I 

f 3. board number 

1 U. K.: 


\ 4. price (in £) inclusive of 15% VAT 

\ U.S. A. and Canada: 


j 5. price in $, not including tax (if any) j 




£ 

$ 

E26: JUNE 1977 
formant: keyboard 




interface (E25) f 

9721-1 

2.80 

6.05 

E29: SEPTEMBER 1977 

formant (E25, E26): 




interface receiver 

9721-2 

1.40 

2.95 

power supply 
keyboard divider 

9721-3 

4.45 

9.60 

(one octave) 

9721-4 

0.85 

1.80 

E31: NOVEMBER 1977 

formant (E25 . . . E30): 




VCO 

9723-1 

8.95 

19.25 

experimenting with the SC/MP: 

f. 


RAM-I/O 

9846-1 

6.45 

13.35 

SC/MP board 

9846-2 

2.05 

4.15 

E32: DECEMBER 1977 

formant (E25. . . E31): 
VCF 

experimenting with the 

9724-1 

3.65 

7.80 

SC/MP (E31): CPU 

9851a 

9.55 

19.75 

E33: JANUARY 1978 




simple function generator 
formant (E25.V. E32): 

9453 

3.05 

6.30 

ADSR 

9725-1 

3.60 

7.40 

UAA180 LED voltmeter 
(two boards) 
experimenting with the 

9817 

2.25 

5.00 

SC/MP (E31, E32): 
bus board (E57) 

9857 

3.35 

7.00 

memory card 

9863 

14.30 

29.60 

E34: FEBRUARY 1978 

formant (E25 . . . E33): 

§726-1 



DUAL-VCA 

3.60 

7.75 

experimenting with the 
SC/MP (E31 . . . E33): 




HEX I/O 

9893 

19.00 

39.50 

E35: MARCH 1978 
formant (E25.. . E34): 




LFO module 

9727-1 

3.85 

8.30 

noise module 

9728-1 

3.30 

7.10 

4 k RAM card 

9885 

16.65 

34.55 

SC/MP power supply 

9906 

3.45 

7.20 

E36: APRIL 1978 

formant (E25 . . . E35): 




COM 

9729-1 

3.05 

6.50 

elektornado 

9874 

3.20 

6.85 

cassette interface 

9905 

2.85 

5.80 

E38: JUNE 1978 
mini-counter 

9927 

2.85 

5.80 

E39/40: SUMMER CIRCUITS 1978 



touch dimmer 

78065 

0.85 

1.75 

consonant 

9945 

6.85 

14.80 

preconsonant 

9954 

2.15 

4.60 


formant 

24 dB VCF 

9953-1 

4.30 

9.25 

E42: OCTOBER 1978 

resonance filter module 

9951 

4.00 

8.65 

VHF/UHF modulator 

9967 

1.50 

3.10 

E43: NOVEMBER 1978 

ASCII keyboard 

9965 

7.30 

15.05 

loudspeaking telephone, 
main board 

9987-1 

1.70 

3.45 

pick-up board 

9987-2 

1.50 

3.10 

E44: DECEMBER 1978 

elekterminal 

9966 

* 7.45 

15.50 

TV scope (E42, E43): 
memory board 

9969-1 

4.75 

9.85 

trigger board 

9969-2 

1.50 

3.10 

timebase board 

9969-3 

1.50 

3.10 

E45: JANUARY 197*9 

universal digital meter 

79005 

2.05 

4.25 

reliable nicad charger 

79024 

1.85 

3.85 

E46: FEBRUARY 1979 

clap switch 

79026 

1.45 

2.95 

pools predictor 

79053 

1.75 

3.65 

E47: MARCH 1979 

robust lab power supply 

79034 

2.20 

4.55 

ring modulator 

79040 

2.00 

4.35 

E48: APRIL 1979 

stentor 

79070 

3.20 

6.60 

assistentor 

79071 

1.95 

4.00 

TV games computer: 
UHF/VHF modulator 
(see E42, October 1978) 

9967 

1.50 

3.10 

main board and 
documentation 

79073 

17.00 

35.25 

power supply 

79073-1 

2.60 

5.45 

keyboard p.c.b. 

79073-2 

3.95 

8.15 


Complete set of four boards 
(9967, 79073, 79073-1, 

79073-2), documentation 
and one ESS software 

record (ESS 006): 23.95 50.00 

E49: MAY 1979 


BASIC microcomputer 

79075 

6.80 

14.10 

interface for yPs 

79101 

1.45 

2.95 

E50: JUNE 1979 




FM IF strip 

78087 

1.80 

3.90 

monoselektor 

79039 

6.50 

13.50 

stereo decoder 

79082 

1.90 

4.15 

elekdoorbel! 

79095 

5.10 

ip.55 

E51/52: JULY/AUGUST 1979 



battery charger 

79517 

1.45 

3.05 


E53: SEPTEMBER 1979 
parametric equaliser, 
filter section 
tone control section 
page extension for 
Elekterminal (E44) 


£54: OCTOBER 1979 
variable fuzz box 
digifarad, main board 
supply + clock 
display board 
gate dipper, 
touch tuning 

E55: NOVEMBER 1979 

Short-wave converter 79650 1.30 2.75 

topamp 80023 0.95 2.05 


E56: DECEMBER 1979 


SEWAR 

80009 

2.50 

5.25 

electronic nuisance 

80016 

1.00 

2.10 

steam train 

80019 

1.05 

2.25 

toppreamp 

80031 

3.65 

7.75 


E57: JANUARY 1980 


VSWR meter 

79513 

1.00 

2.10 

digital tuning scale 
(two boards) 

80021-1/2 

7.45 

15.75 

new bus board (E33) 

80024 

5.40 

11.45 

colour generator 

80027 

2.35 

4.95 

talk funny (E56) 

80054 

1.35 

2.80 

frequency doubler 

80065 

1.05 

2.25 


E58: FEBRUARY 1980 


aerial amplifier 

80022 

0.85 

1.75 

digital thermometer 

80045 

3.20 

6.80 

digisplay 

80067 

2.35 

5.00 

elektor vocoder, 
bus board 1 

80068-1 

4.20 

8.95 

bus board 2 

80068-2 

4.00 

8.45 

filter board 

80068-3 

3.10 

6.60 

input/output board 

80068-4 

2.80 

5.95 

supply board 

80068-5 

2.35 

4.95 

E59: MARCH 1980 

slide faders: 
mains-powered version 

9955 

1.20 

2.50 

chorosynth 

80060 

13.25 

28.00 

printer for /LtPs 

80066 

6.10 

12.95 

E60: APRIL 1980 

aide-de-camp: 12 V/2 A 

7043B 

1.10 

2.35 

active car aerial 
(two boards) 

80018 

2.20 

4.70 

transistor ignition 

80084 

3.45 

7.30 

intelligent wiper delay 

80086 

2.80 

5.95 

fuel consumption meter 

80096 

6.55 

13.85 

stop thief! 

80097 

1.10 

2.35 

battery voltage indicator 

80101 

1.10 

2.35 

dip-stick probe 

80102 

1.10 

2.35 

battery protection 

80109 

1.10 

2.35 

E61: MAY 1980 

BASIC cassette interface 

80050 

6.65 

14.10 

intercom 

80069 

2.45 

5.15 

PWM amplifier 

80085 

1.00 

2.15 

Junior computer: 
main board 

80089-1 

9.80 

20.70 

display board 

80089-2 

1.00 

2.15 

supply board 

80089-3 

2.65 

5.60 

EPROM alternative 

80112-1 

1.00 

2.15 

slow memory access 

80112-2 

1.00 

2.15 

E62: JUNE 1980 

morse trainer 

80072 

2.55 

o o 
00 

r 

n aerial, supply board 

80076-1 

1.35 

amplifier 

80076-2 

1.05 

2.25 

luxury transistor tester 

80077 

3.50 

7.45 

pest pester 

80130 

1.00 

2.10 


E63/64: SUMMER CIRCUITS 1980 

digital heart beat monitor 80071 

4.80 

10.15 

display board 

80145 

1.70 

3.55 

V-FET amplifier 

80505 

2.35 

5.00 

super-regenerative receiver 80506 

2.65 

5.65 

shop window lighting 

80515 

3.65 

7.75 

(two boards) 
variable 0 ... 50 V, 

2 A supply 

80516 

1.75 

3.65 

stereo dynamic preamp 

80532 

1.25 

2.70 

STAMP amplifier 

80543 

1.05 

2.25 

PROM programmer 

80556 

4.05 

8.60 


E65: SEPTEMBER 1980 




8K RAM + EPROM card 

80120 

19.20 

40.55 

linear thermometer 

80127 

1.55 

3.30 

curve tracer 

80128 

0.85 

1.80 

VOX 

80138 

2.35 

4.95 

musical box 

80502 

3.15 

6.65 

precision power unit 

80514 

1.55 

3.30 


9897-1 

1.40 

2.90 

9897-2 

1.40 

2.90 

79038 

5.00 

10.55 


9984 

1.20 

2.60 

79088-1 

1.60 

3.40 

79088-2 

1.55 

3.25 

79088-3 

1.40 

2.95 

79514 

1.25 

2.70 

79519 

3.45 

7.30 
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E66: OCTOBER 1980 

LCD frequency counter 

80117 

dual slide fader 

80512 

programmable slide fader 

81002 

touch doorbell 

81005 

E67: NOVEMBER 1980 


fuel economiser 

81013 

automatic curtain control 

81015 

central heating pump 
control 

81019 

coffee machine switch 

81023 

fridge alarm 

81024 

draught detector 

81028 

simple fuel consumption meter 

module 1 

81035-1 

module 2 

81035-2 

module 3 

81035-3 

main /display board 

81 035-4 

E68: DECEMBER 1980 

genie in a can 

81042 

canometer: 
main board 

81043-1 

display board 

81043-2 

multi can 

81044 

bath thermometer 

81047 

pi pi n r > 

81048 

NiCai jy bank 

81049 

xylophone 

81051 


E69: JANUARY 1981 


2.15 

4.60 

disco ceiling lights 

81012 

8.05 

1.50 

3.20 

mini mixer 

81068 

11.00 

7.85 

16.55 

sound pressure meter 

81072 

1.50 

1.20 

2.50 

swinging poster (inc. p p) 

81073p 

2.50 



swinging poster board 

81073 

1.90 



raw power 

81082 

2.65 

2.1 5 

4.70 

big VU meter 



o An 

8.00 

low voltage board 

81085-1 

2.05 

O.DU 


mains board 

81085-2 

3.60 

2.30 

5.05 




1.15 

2.55 

E70: FEBRUARY 1981 



1.15 

2.55 

150 W converter 

81001 

5.15 

0.85 

1.95 

vo iced/unvoiced detector 





detector board 

81027-1 

3.30 

1.45 

3.15 

switch board 

81027-2 

3.45 

1.40 

3.05 

noise generator 

81071 

3.55 

1.40 

3.05 

process timer 



2.35 

5.1 5 

register board 

81101-1 

2.40 



clock board 

81101-2 

1.70 



2 1 /* digit DVM 



1.15 

2.60 

display board 

81105-1 

1.80 



control board 

81105-2 

1.75 

1.40 

3.10 




1.00 

2.25 

E71: MARCH 1981 



2.15 

4.70 

multichannel TAP 

81008 

4.30 

1.15 

2.60 

movement detector 

81110 

2.15 

1.55 

3.40 

MW receiver 

81111 

1.70 

1.60 

3.55 

multiple sound effects 



1.30 

2.90 

generator 

81112 

1.80 


High Com: 


17.75 

2 complete modules 




24.30 

(built and tested) + 




3.35 

1 main board + 




4.70 

self-adhesive 




5.55 

front panel 

81117-1 

35.10 

77.55 

5.90 

power supply 

8111 7-2 

1.65 

3.70 


UAA LED voltmeter 




4.55 

(2 boards) 

9817 

2.25 

5.00 

8.00 

peak programme meter 

9860 

1.70 

3.75 

11.40 

NEW 




7.25 

E72: APRIL 1981 




7.60 

transistor match-maker 

81123 

1.55 

3.65 

7.80 

intelekt 

81124 

5.65 

13.40 


universal power supply 

81128 

2.45 

5.75 


5.30 

3.75 

3.90 

3.90 


9.55 

4.70 

3.80 

3.90 


eps front panels 


transfers 


front panels for Formant (E25 . . . E35) 


tv scope, basic version 

9968-F 

1.40 

2.80 

E63/64, E65 

interface 

9721-F 

1.50 

3.05 

tv scope, extended 




musical box 

VCO 

9723-F 

1.50 

3.05 

version 

9969-F 

1.40 

2.80 

ulp amp 

VCF 

9724-F 

1.50 

3.05 

robust lab power supply 

79034-F 

0.60 

1.20 

STAMP amplifier 

ADSR 

9725-F 

1.50 

3.05 

monoselektor 

79039-F 

1.40 

2.80 

small /up switching supply 

DUAL-VCA 

9726-F 

1.50 

3.05 





stereo dynamic 

LFOs 

9727-F 

1.50 

3.05 





preamplifier 

NOISE 

9728-F 

1.50 

3.05 





E68 

COM 

9729-F 

1.50 

3.05 





Complete set of 11 panels (includes 
2 x ADSR): £ 1 3 85 or $ 30.55. 

3 x VCO 

and 





drinks round indicator 

canometer 

multican 

bath thermometer 

24 dB VCF (E41) 

9953-F 

1.50 

3.05 





resonance filter 
module (E42) 
simple function 

9951-F 

1.50 

3.05 





NiCad piggy bank 
xylophone 

generator (E33, E38) 

9453-F 

2.55 

5.65 







ess software service 


45 RPM records with /uP programs 


singing SC/MP: well- ] 
known Christmas 

melodies, both as f ESS 002 1.40 2.80 

SC/MP program and 
'live' J 


NIBL-E 

for SC/MP: Luna, 
battleships, keyplay, 
runtext, biorhythm, 
tracer, disassembler 


ESS 004 

1.40 

2.80 

ESS 005 

2.20 

4.70 



MP TV games: 
test patterns, 

PVI programming 
space shoot-out 


ESS 006 1.40 


2.80 


cassette with juP programs 


juP TV games: 

15 programs: jackpot, 
t reversie, amazone, 
code breaker, etc. 


ESS 007 


4.25 


9.40 
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Patent protection may exist in respect of circuits, devices, components 
etc. described in this magazine. 

The publishers do not accept responsibility for failing to identify such 
patent or other protection. 

Dutch edition: Elektuur B.V., 6190 AB Beek (L), the Netherlands. 
German edition: Elektor Verlag GmbH, 5133 Gangelt^W-Germany. 
French edition: Elektor Sari, Le Seau, 59270 Bailleul, Trance. 

Italian edition: Elektor, 20092 Cinisello B., Italy. 

Spanish edition: Elektor, C/Ginzo de Limia, 48. Madrid-29, Spain. 

Distribution in U.K.: 

Seymour Press Ltd., 334 Brixton Road, London SW9 7AG. 

Copyright ©1981 Elektor publishers Ltd. —Canterbury. 

Printed in the Netherlands. 
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What is a TUN? 

What is 10 n? 

What is the EPS service? 
What is the TQ service? 
What is a missing link? 


Semiconductor types 
Very often, a large number of 
equivalent semiconductors exist 
with different type numbers. For 
this reason, 'abbreviated' type 
numbers are used in Elektor 
wherever possible: 

• '741' stand for jxA741 , 

LM741, MCI741, MIC741, 
RM741, SN72741, etc. 

• 'TUP'or 'TUN' (Transistor, 
Universal, PNP or NPN respect¬ 
ively) stand for any low fre¬ 
quency silicon transistor that 
meets the following specifi¬ 
cations: 


UCEO, max 

20V 

!C, max 

100 mA 

hfe,min 

100 

Ptot, max 

100 mW 

fT, min 

100 MHz 


Some 'TUN'S are: BC107, BC108 
and BC109 families; 2N3856A, 
2N3859, 2N3860, 2N3904, 
2N3947, 2N4124. Some TUP's 
are: BC177 and BC178 families; 
BC179 family with the possible 
exeption of BC159and BC179; 
2N2412, 2N3251,2N3906, 
2N4126, 2N4291. 

• 'DUS' or 'DUG' (Diode Univer¬ 
sal, Silicon or Germanium 
respectively) stands for any 
diode that meets the following 
specifications: 



DUS 

DUG 

UR, max 
IF, max 
IR, max 
Ptot, max 
CD, max 

25V 

100mA 

1/liA 

250mW 

5pF 

20V 

35mA 

100 m a 

250mW 

lOpF 


Some 'DUS'are: BA 127, BA217, 
BA218, BA221, BA222, BA31 7, 
BA318, BAX13, BAY61,1N914, 
1N4148. 

Some 'DUG's are: OA85, OA91, 
OA95, AA116. 

• 'BC107B', 'BC237B', 'BC547B' 
all refer to the same 'family' of 
almost identical better-quality 
silicon transistors. In general, 
any other member of the same 
family can be used instead. 

BC107 (-8, -9) families: 

BC107 (-8,-9), BC147 (-8, -9), 
BC207 (-8, -9), BC237 (-8, -9), 
BC317 (-8, -9), BC347 (-8, -9), 
BC547 (-8,-9), BC171 (-2,-3), 
BC182 (-3, -4), BC382 (-3, -4), 
BC437 (-8, -9), BC414 

BC177 (-8, -9) families: 

BC177 (-8, -9), BC157 (-8, -9), 
BC204 (-5,-6), BC307(-8, -9), 
BC320 (-1,-2), BC350 (-1,-2), 
BC557 (-8, -9), BC251 (-2, -3), 
BC212 (-3, -4), BC512 (-3, -4), 
BC261 (-2,-3), BC416. 

Resistors and capacitor values 
When giving component values, 
decimal points and large numbers 


of zeros are avoided wherever 
possible. The decimal point is 
usually replaced by one of the 
following abbreviations: 


P 

(pico-) = 

10" 

n 

(nano-) = 

10" 5 

M 

(micro-) = 

10"< 

m 

(milli-) = 

10" : 

k 

(kilo-) = 

10 3 

M 

(mega-) = 

10 6 

G 

(giga-) = 

10 9 


A few examples: 

Resistance value 2k7: 2700 £2. 
Resistance value 470: 470 £2. 
Capacitance value 4p7: 4,7 pF, or 
0.000 000 000 004 7 F . . . 
Capacitance value lOn: this is the 
international way of writing 
10,000 pF or .01 ijlF , since 1 n is 
10‘ 9 farads or 1000 pF. 

Resistors are % Watt 5% carbon 
types, unless otherwise sp/]Bd. 
The DC working voltage 6* 
capacitors (other than electro- 
lytics) is normally assumed to be 
at least 60 V. As a rule of thumb, 
a safe value is usually approxi¬ 
mately twice the DC supply 
voltage. 

Test voltages 

The DC test voltages shown are 
measured with a 20 k£2/V instru¬ 
ment, unless otherwise specified. 

U, not V 

The international letter symbol 
'U' for voltage is often used 
instead of the ambiguous 'V'. 

'V'is normally reservedfor 'volts'. 
For instance: Ub = 10 V, 
not Vb = 10 V. 

Mains voltages 

No mains (power line) voltages 
are listed in Elektor circuits. It is 
assumed that our readers know 
what voltage is standard in their 
part of the world! 

Readers in countries that use 
60 Hz should note that Elektor 
circuits are designed for 
operation. This will not n. .ally 
be a problem; however, in cases 
where the mains frequency is used 
for synchronisation some modifi¬ 
cation may be required. 

Technical services to readers 

• EPS service. Many Elektor 
articles include a lay-out for a 
printed circuit board. Some — but 
not all — of these boards are avail¬ 
able ready-etched and predrilled. 
The 'EPS print service list' in the 
current issue always gives a com¬ 
plete list of available boards. 

• Technical queries. Members of 

the technical staff are available to 
answer technical queries (relating 
to articles published in Elektor) 
by telephone on Mondays from 
13.30 to 16.15. Letters with 
technical queries should be 
addressed to: Dept. TQ. Please 
enclose a stamped, self addressed 
envelope; readers outside U.K. 
please enclose an IRC instead of 
stamps. — 

• Missing link. Any important 
modifications to, additions to, 
improvements on or corrections 
in Elektor circuits are generally 
listed under the heading 'Missing 
Link' at the earliest opportunity. 
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DORAM ELECTRONICS LTD 


Fitzroy House, Market Place, 
Swatfham, Norfolk, PE37 7QH. 

TEL: (0760) 21627 TELEX • 817912 
VAT Reg: 324 5604 75 


Projects for beginners 


PROJECT PACKS 


LCD Counter (80117) Simple to construct display for AM and FM bands. 

Pools Predictor (79053) An analogue computer that may win you a fortune. 

Talk Funny (80052) A ring modulator circuit that produces very strange results when fed with a human voice. 
Pest Pester (80130) An electronic insect repellant. 

Steam Train sound effects (80019) Simulates the sound of steam and whistle. 

Electronic Nuisance (80016) Makes an annoying noise, but only in t the dark! 

Cackling Egg Timer (9985) An egg timer with a difference, it clucks like a hen. 


New projects 


200W Disco Power Amplifier (81082) 
Swinging Poster (81073) 

Mini Mixer (81068) 

Noise Generator (81071) 

Vocoder Voiced/Unvoiced Module (81027) 
High COM (81103) Noise reduction system 
Process Timer (81101) 


idio projects 


Melody Maker (80502) An electronic musical box that can play 27 tunes with organ or piano like quality. 

Top-preamp (80023) Mini, all 1C preamplifier for use with most power amplifiers. 

Topamp (80031) Hybrid audio power amplifier uses Philips modules for high fidelity performance. Two power levels: 

OM931 (output 30 Watt) 

OM961 (output 60 Watt) 

Parametric Equalizer (9897) A modular system of construction to suit your equalisation requirements. Filter section (9897-1) 

Tone section (9897-2) 

Elektornado (9874) A single board design that can be used as either a single 100 Watt amplifier or two 50 Watt amplifiers. 
UAA180 LED Meter (9817) A two channel voltage display unit. 4 

Peak Programme Meter (9860) To be used with UAA180 LED meter to give PPM display. • , 

Stereo dynamic Preamp (80532) A low noise high quality disc preamplifier. 

STAMP (80543) Super tiny amplifier with up to 1 Watt output. ' 


Car projects 


Fuel Economiser (81013) An R.P.M. indicator as an economy guide to car fuel consumption. 
Transistor Ignition (80082) The most significant advantages of other systems pombined in one. 
Dipstick Probe (80102) Direct warning of high oil temperature. State long or short dipstick required. 
Intelligent Wiper Delay (80086) Can be set to produce delayed wipes at any predetermined interval. 
Battery Protection (80109) Automatically switches off the headlamps of a parked car. 

Active Car Aerial (80018) Improves the sensitivity of AM and FM radio reception in your car. 


Music projects 


Chorosynth (80060) A cheap mini synthesizer. Send for details. 

Elektor Vocoder (80068) The first Vocoder designed to be built in kit form. 10 Channel modular construction. 
Analogue Reverberation Unit (9973) Uses an SAD1024 which can produce a delay up to lOOmS. 

Guitar Preamp (77020) With three tone controls. 


■''ojects for the home 


Draught Detector (81028) Locates the source of heat wasting draughts. 

Bath Thermometer (81047) LED display of your bath temperature. 

Programmable Slide Fader (81002) Mixes audio signals on tape with operation of two slide projectors. 
Canometer (81043 1-2) Converts a beer can into a distance measuring device. 

Fridge Alarm (81024) Audible warning if fridge door is left open. 

Touch Dimmer (78065) Room lighting controlled by a single touch. 

Loudspeaking Telephone Amplifier (9987) Amplifies without direct connection. 

Proximity Detector (9974) Detects by electric field change movement in a room. 


£57.90 

£162.50 

£27.70 

£6.50 


Our Project Packs include the electronic components, the PCB, sockets and solder together with 
assembly instructions. Cases, knobs etc can be supplied as extra items if required. This is only part of 
our wide range of projects. See our catalogue for details of other projects that we can supply. You 
can also ring our number between 12.30 p.m. and 1.30 p.m. any weekday for a recorded 
announcement of any new items we have available. 


HOW TO ORDER 

Send a cheque or postal order to DORAM 
ELECTRONICS LTD or write or ring with your 
Access account number. All our prices include VAT. 
Overseas customers please deduct 15%. Please 
add 40p to your order for postage and packing. An 
answering service is available to take your orders 
outside our normal office hours Mail Order service 

only a de boer company 


Buy it with Access | 
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USB/LSB 


in radio and audio 


Please send an 
SAE with all 
enquiries. 

Phone orders by 
ACCESS - but 
minimum £5 
Callers welcome 


CATALOGUES 60p ea , all three for £1.60 
POST/PACKAGE CHARGE NOW 35p 


ambit 

INTERNATIONAL 


CWO PLEASE Commercial MA terms on application 
Goods are offered subject to availability, prices subject 
to change - so please phone and check if in doubt. 


200 north Seruiie Rood, Brentwood, Essex 

TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM144SG 


CATALOGUES 
2 & 3....60p ea 


SSB transceiver module - based on G4CLF designs 


* High level mixer/ 

* 8 pole filter 


* Direct freq. 
display with 
DFM7 


1:2 shape 
factor 


Add an LO and the RF selectivity, and you have a very simple yet 
high performance signal processing 'heart' of an SSB transceiver in 
the range 100kHz to 1000MHz (with the correct LO/RF stages). 

The Ambit 91600 costs just £44 -t-vat, and includes an 8 pole SSB 
crystal filter, SL1600 signal processing circuitry, double balanced 
schottky diode mixer and full USB/LSB electronic switching. 

The use of 10.7MHz, instead of 9MHz (as in the original unit) now 
enable direct connection to an AMBIT DF7 for 1kHz frequency readout 
with far greater ease and accuracy than can be achieved with mechanical 
dial systems. Buy them both and save 15%..DFM7+91600= £69.46 inc. 


New for 1981 -- The RX80 modular HF SSB dual conversion receiver, as featured in this edition. 
Send large S.A.E for full details of component kits, hardware, and accessories being supplied 
exclusively by Ambit for this excellent home construction project. 


Printed circuit boards from individual 
drawings, photography, prototypes, small/ 
medium runs. 

Resist coated glass fibre laminate for DIY 
no unusual chemicals required. Photo¬ 
graphic positives and PCBs for those designs 
not offered by Elektor from issue no. 18 
onwards. 

Drawing materials. 

Etch resist transfers. 

Selected range accessories and components. 
Send 20p for catalogue. 

Ramar Electronics Services Ltd. 

Masons Rd. Stratford on Avon CV37 9NF. 
Tel. 4879 




POSITIVE LIGHT SENSITIVE 
AEROSOL LACQUER 


Enables YOU to produce perfect printed circuits in minutes. 
Method: Spray cleaned board with lacquer. When dry, place 
positive master of required circuit on now sensitized board. 
Expose to daylight, develop and etch. Any number of exact 
copies can of course be made from one master. Widely used 
in industry for prototype work. 


FOTOLAK.£2.00 

Developer.30 

Ferric Chloride.50 


Pre-coated 1/16" Fibre-glass board 

204mm x 114mm.£1.50 

204mm x 228mm.£3.00 

408mm x 228mm.£6.00 

467mm x 305mm.£9.00 


Plain Copper-clad Fibre-glass. Single-sided Double-sided 

Approx. 2.00mm thick. Sq. ft.£2.00 

Approx. 1.00mm thick. Sq. ft.£1.50.£1.75- 

Clear Acrylic Sheet for making master..12p 

Postage & Packing 80p per order. VAT 15% on total. 

G.F. MILWARD ELECTRONIC COMPONENTS LTD. 
369 Alum Rock Road, Birmingham B8 3DR. 

Telephone : 021-327-2339 


JwJtSAFGAN presents DT-400 series from El69 vat 

hjgh q Ua |jty DUAL TRACE oscilloscopes at prices everyone can afford 


Model DT-410 4"CRT 5n 

Model DT-412 4"CRT J 
Model DT-415 4"CRT 

SPECIFICATION FOR ALL MODELS 

* Chi, Ch2: 5mv/div—20v/div in 12 cal steps 

* BANDWIDTH: 10MHz (DT410) 

12MHz (DT-412) 

15MHz (DT-415) 

* TIME BASE: 0.5us/div—200ms/div in 18 cal steps 

x5 Expansion to lOOns/div 
x5 Multiplier to Is/div 

* XY FACILITY: Matched Inputs X=Ch1, Y=Ch2 


5mv/div. 

5mv/div. 

5mv/div. 


10MHz 

12MHz 

15MHz 


@£169 +vat 
@ £175 + vat 
@£188 +vat 


TRIGGER: Level control, ± slope 
Bright Line AUTO, NORMAL, TV Triggering 
Chi, Ch2 0.5div, EXT. Trig. lOOmv 

* Z Modulation 

* Graticule blue ruled 8x10div (6.4x8cm 2 ) 

* Size: H215mm, W165mm, D280mm, Weight 4.5kg 


* XY FACILITY: Matched Inputs X=Ch1, Y=Ch2 PROBE (xl-ref-xlO).£11.50 + vat 

orders to: SAFGAN ELECTRONICS LTD., 56 BISHOPS WOOD, ST. JOHN'S, WOKING, SURREY GU213QB. 
(goods + 15% vat + £3 p&p, or £6.50 parcel service) Telephone WOKING 66836 or 69560 JjJjjjjjjg m 
London stockist: Audio Electronics, Edgware Road, London. Tel: 01 724 3564 visa 


DT-400 SERI 
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OSCILLOSCOPES 

How to use them - How they work • by Ian Hickman 

Oscilloscopes are essential tools for checking circuit 
operation and diagnosing faults, and an enormous range of 
models is available. But which is the right scope for a particular application? 
Which features are essential, which not so important? What 
techniques will get the best out of the instrument? 

Ian Hickman, experienced in both professional and hobbyist 
electronics, has written this book to help all oscilloscope users - and 
potential users. After introducing basic principles for readers new to the 
subject, he explains in detail the features of typical simple and 
advanced real-time oscilloscopes, plus accessories such as probes and 
cameras. He advises on how to choose and operate scopes, and howto avoid 
common pitfalls; he also describes special-purpose instruments, from 
small portable scopes to storage scopes and spectrum and logic analysers. 
Finally, to give readers a better understanding of how oscilloscopes 
work, he explains the principles of the cathode-ray tube 
and basic scope circuitry. 




Illustrated with many photographs and two-colour diagrams, 
the book will appeal to everyone who needs to know about oscilloscopes, 
from the school student to the graduate, from the hobbyist 
to the technician. 

Available from your local bookseller or in case of difficulty from the Publisher. 



BROADEN 
YOUR SCOPE 
NOW! 

Cut out this coupon and return it to 
Patricia Davies, Marketing Manager, at 
the address below. 

Please send me copy/copies of 
Oscilloscopes (Hickman) 

0 408 00472 X Illustrated paperback, 
128 pages (216 x 138mm) at £3.45 each. 


I enclose a cheque/PO for £_ 
in total payment 


Address 


(ELK 4/81) 

N ewnes Technical Books 

Borough Green, Sevenoaks, Kent TN15 8PH 



- 


Uxi 


sc/mputer « 

This first book of a series describes how to build 
and operate a simple microprocessor system 
based on the National Semiconductor Micro¬ 
processor (INS 8060). The system may be 
extended to meet various requirements - these 
will all be discussed in the SC/MPUTER books. 

PRICE/UK.£3.70 inc P&P 

OVERSEAS SURFACE MAIL . . £3.90 inc P&P 



ANEW TAPE HEAD 
COULD TRANSFORM 
THE QUALITY OF -«—■ 

YOUR TAPE RECORDER 

MEET OUR NEW C42RPS18, THE HIGH PERFORMANCE STEREO 
HEAD WITH SEPARATE RECORD & PLAYBACK CHANNELS 
FOR IMPROVED DYNAMIC RANGE & RECORD MONITORING. 

POPULAR UNIVERSAL CASSETTE TAPE HEADS 


B12-01 Mono Playback.£ 1.89 

B12-02 Mono Record/Playback.£ 4.62 

B24-01 Stereo Playback.£ 4.62 

B24-02 Stereo Record/PIbk.£ 7.66 

B24-07 Stereo R/P, (Dolby Stsm) ...£ 7.87 

C42RPH20 Stereo SENDUSTR/P ....£10.67 
C42RP1ES01 Stereo combined 

R/P + Erase .£12.57 


C42RPH04 Stereo GLASS FERRITE R/P.£13.34 

C42RPS18 Stereo TWIN GAP R + P.£28.99 

C21ES18 Mono/stereo erase.£ 2.13 

B22-02 Twin % track R/P.£ 5.97 

C44RPH03 Quad V 4 track R/P .£15.15 

C44RP2ES01 Quad V* track combined 

R/P + Erase.£30.42 

C22ES03 Twin half track erase ....£ 5.43 

C42ES02 PC Va track erase.£ 4.23 


SEND FOR OUR TAPE HEAD CATALOGUE 25p 
AUDIO-HI-FI CATALOGUE (30 PAGE FULL COLOUR) 50p 


u| | ip | 

THE MOINIOLITH ELECTRONICS CO. LTD. ALl PmC( 

5 7 CHURCH ST., CREWKERNE, SOMERSET, ENGLAND. (0460)74321 include \ 




































UK-10 — elektor april 1981 


advertisement 


New! Sinclair ZX8I 
Personal Computer, 

Kit* £49.^ complete 


Reach advanced 
computer comprehension 
in a few absorbing hours 

1980 saw a genuine breakthrough-the 
Sinclair ZX80, world’s first complete 
personal computer for under £100. At 
£99.95, the ZX80 offered a specification 
unchallenged at the price. 

Over 50,000 were sold, and the 
ZX80 won virtually universal praise from 
computer professionals. 

Now the Sinclair lead is increased: 
for just £69.95, the new Sinclair ZX81 
offers even more advanced computer 
facilities at an even lower price. And 
the ZX81 kit means an even bigger. " 
saving. At £49.95 it costs almost 
40% less than the ZX80 kit! 

Lower price: higher capability 

With the ZX81, it’s just as simple to 
teach yourself computing, but the 
ZX81 packs even greater working 
capability than the ZX80. 

It uses the same micro-processor, 
but incorporates a new, more powerful 
8K BASIC ROM - the ‘trained intelligence’ 
of the computer. This chip works in 
decimals, handles logs and trig, allows 
you to plot graphs, and builds up 
animated displays. 

And the ZX81 incorporates other 
operation refinements-the facility to 
load and save named programs on 
cassette, for example, or to select a 
program off a cassette through the 
keyboard. 

Higher specification, lower price- 
how’s it done? 

Quite simply, by design. The ZX80 
reduced the chips in a working computer 
from 40 or so, to 21. The ZX81 reduces 
the 21 to 4! 

The secret lies in a totally new 
master chip. Designed by Sinclair and 
custom-built in Britain, this unique chip 
replaces 18 chips from the ZX80! 


Built: 

£ 69 .** 

complete 


Proven micro-processor, new 8K BASIC 
ROM, RAM-and unique new master 
chip. 
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New, improved specification 

• Z80A micro-processor-new faster 
version of the famous Z80 chip, widely 
recognised as the best ever made. 

• Unique ‘one-touch’ 
key word entry: 
the ZX81 

eliminates a great 
deal of tiresome 
typing. Key words 
(RUN, LIST, PRINT, 
etc.) have their own 
single-key entry. 



• Unique syntax- 
check and report codes 
identify programming 
errors immediately. 

• Full range of mathematical 
and scientific functions accurate 
to eight decimal places. 

• Graph-drawing and animated- 
display facilities. 

• Multi-dimensional string and 
numerical arrays. 


• Up to 26 FOR/NEXT loops. 

• Randomise function - useful for games 
as well as serious applications. 

• Cas, le LOAD and SAVE with 
named programs. 


• IK-byte RAM expandable to 16K 
bytes with Sinclair RAM pack. 

• Able to drive the new Sinclair printer 
(not available yet-but coming soon!) 

• Advanced 4-chip design: micro¬ 
processor, ROM, RAM, plus master chip 
-unique, custom-built chip replacing 
18 ZX80 chips. 


Sinclair - 

ZX8I 

Sinclair Research Ltd, 

6 Kings Parade, Cambridge, Cambs., 
CB21SN. Tel: 0276 66104. 

Reg. no: 214 4630 00 


If you own a 
Sinclair ZX80 

The new 8K BASIC ROM used in the 
Sinclair ZX81 is available to ZX80 
owners as a drop-in replacement chip. 
(Complete with new keyboard template 
and operating manual.) 

With the exception of animated 
graphics, all the advanced features of 
the ZX81 are now available on your 
ZX80-including the ability to drive the 
Sinclair ZX Printer. 

Coming soon- 
the ZX Printer 

Designed exclusively for use with the 
ZX81 (and ZX80 with 8K BASIC ROM), 
the printer offers full alphanumerics 
across 32 columns, and highly sophisti¬ 
cated graphics. Special features include 
COPY, which prints out exactly what is 
on the whole TV screen without the 
need for further instructions. The ZX 
Printer will be available in Summer 1981, 
at around £50-watch this space! 



I6K-BYTE RAM 
pack for massive 
add-on memory. 

Designed as a complete module to fit 
your Sinclair ZX80 or ZX81, the RAM 
pack simply plugs into the existing 
expansion port at the rear of the com¬ 
puter to multiply your data/program 
storage by 16! 

Use it for long and complex pro¬ 
grams or as a personal database. Yet it 
costs as little as half the price of com¬ 
petitive additional memory. 



How to order your ZX81 

BY PHONE - Access or Barclaycard 
holders can call 01-200 0200 for personal 
attention 24 hours a day, every day. 

BY FREEPOST-use the no-stamp- 
needed coupon below. You can pay by 
cheque, postal order, Access or 
Barclaycard. 

EITHER WAY-please allow up to 28 
days for delivery. And there’s a 14-day 
money-back option, of course. We want 
you to be satisfied beyond doubt-and 
we have no doubt that you will be. 


pro: Sinclair Research Ltd, FREEPOST 7, Cambridge, CB21YY. 

I Remember all prices shown include VAT, postage and packing. No hidden extras. Please send me: 


Qty 

Item 

Code 

Item price 
£ 

Total 

£ 


SinclairZX81 Personal Computer kit(s). Price includes 
ZX81 BASIC manual, excludes mains adaptor. 

12 

49.95 



Ready-assembled Sinclair ZX81 Personal Computer(s). 
Price includes ZX81 BASIC manual and mains adaptor. 

11 

69.95 



Mains Adaptor(s) (600 mA at 9 V DC nominal unregulated). 

10 

8.95 



16K-BYTE RAM pack(s). 

18 

49.95 



8K BASIC ROM to fit ZX80. 

17 

19.95 



TOTAL: £ 

Please tick if you require a VAT receipt □ 

*1 enclose a cheque/postal order payable to Sinclair Research Ltd, for £_ 

*Please charge my Access/Barclaycard account no. 


*Please delete/complete as applicable. Please print. 

Name: Mr/Mrs/Miss 1 II I 11 II 11 11 I 1 I I 11 I 

Address 1 I I I I I I I 1 I I I I 1 1 i 1 I I I 1 1 


| FREEPOST-no stamp needed. 


ELK04 


‘J 
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Prime components~Low prices. 


Dept. E 8 , Unit 9/10, 1st 

All our microchips are at micro 
prices. Don’t be fooled by low 
prices. We do not offer for sale 
surplus, sub-spec or rebranded 
devices. All our parts are 
guaranteed new, first quality, 
factory prime, full spec devices 
It is also our policy to offer you 
the best of new devices that 
become available and these are 
featured regularly. Prices are 
exclusive of p&p and VAT - 
please refer to “Ordering 
Information” before ordering. 
Official orders from schools, 
colleges, universities and Gov. 
authorities accepted. 


74LS112 75p 
74LS123 63p 
74LS125 50p 
74LS126 50p 
74LS132 79p 
74LS138 69p 
74LS139 75p 
74LS148 170p 
74LS151 75p 
74LS153 75p 
74LS155 65p 
74LS157 74p 
74LS160 115p 
74LS161 78p 
74LS163 90p 
74LS164 90p 
74LS165 150p 
74LS168 190p 
74LS173 lOOp 
74LS174 99p 
74LS175 99p 
74LS181 280p 
74LS190 110p 
74LS195 87p 
74LS196 lOOp 
74LS221 110p 
74LS240 210p 
74LS241 200p 
74LS242 220p 
74LS244 175p 
74LS245 220p 
74LS251 120p 
74LS253 120p 
74LS257 110p 
74LS260 90p 
74LS273 175p 
74LS290 95p 
74LS293 120p 
74LS366 57p 
74LS373 170p 
74LS374 170p 
74LS375 140p 
74LS393 135p 
74LS490 140p 
74LS670 260p 
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944 

65p 

946 

55p 

947 

55p 

962 

55p 

9099 

90p 

7400 

7400 

lip 

7401 

12p 

7402 

12p 

7403 

13p 

7404 

17p 

7409 

18p 

7410 

18p 

7412 

18p 

7513 

28 p 

7420 

16p 

7430 

18p 

7432 

25p 

7440 

16p 

7442 

68p 

7448 

75p 

7473 

32p 

7474 

32p 

7475 

40p 

7476 

40p 

7490 

35p 

7492 

50p 

7493 

50p 

7496 

45p 

74121 

35p 

74123 

45p 

74154 

90p 

74157 

55p 

74122 

45p 

74125 

50p 

74195 

lOOp 

74196 

lOOp 

74283 

140p 

74290 

120p 

74365 

90p 

74365 

90p 

1 74LS 

74LS00 

12p 

74LS01 

12p 

74LS02 

13p 

74LS03 

13p 

74LS04 

13p 

74LS08 

20p 

74LS10 

19p 

74LS11 

20 p 

74LS12 

30p 

74LS13 

35p 

74LS14 

60p 

74LS15 

38p 

74LS20 

18p 

74LS21 

30p 

74LS22 

38p 

74LS26 

45p 

74LS27 

45p 

74LS30 

18p 

74LS32 

23p 

74LS37 

35p 

74LS38 

35p 

74LS40 

25p 

74LS42 

56p 

74LS47 

78p 

74LS48 

85p 

74LS49 

99p 

74LS73 

30p 

74LS74 

30p 

74LS75 

42p 

74LS85 

98p 

74LS86 

3Up 

74LS90 

35p 

74LS93 

70p 

74LS96 

150p 

74LS107 

40p 


CMOS 

4001 19p 


4026 130p 

4027 45p 


LOW PROFILE ■ 
SOCKETS BY 
TEXAS 

SALE 

8 pin 7p 

14pin 9p 

16pin I0p 


4042 

73p 

4043 

86p 

4044 

88p 

4045 

160p 

4047 

99p 

4048 

56p 

4049 

38p 

4050 

40p 

4051 

69p 

4052 

75p 

4053 

73p 

4054 

111 p 

4055 

121 p 

4056 

121p 

4059 

560p 

4060 

112p 

4063 

112p 

4066 

56p 

4067 

422p 

4068 

19 P 

4069 

19p 

4070 

28p 

4071 

25p 

4072 

25p 

4075 

20p 

4076 

88p 

4077 

23p 

4078 

29p 

4081 

23p 

4082 

25p 

4085 

86p 

4086 

68p 

4089 

130p 

4093 

68p 

4094 

225p 

4095 

99p 

4096 

325p 

4098 

110p 

4099 

180p 

4501 

25p 

4502 

112p 

4503 

68p 

4507 

52p 

4508 

288p 

4510 

76p 

4511 

125p 

4512 

75p 

4514 

250p 

4515 

290p 

4516 

109p 

4518 

99p 

4520 

99p 

4521 

230p 

4526 

105p 

4527 

130p 

4528 

99p 

4529 

140p 

4531 

150p 

4532 

125p 

4538 

150p 

4543 

160p 

4556 

70p 

4560 

225p 

4569 

240p 

4572 

46p 

4584 

79p 

4585 

125p 

1 74C 

74C20 

30p 

74C76 

60p 

74C85 

145p 

74C97 

125p 

74C98 

125p 

74C107 

lOOp 

74C160 

110p 

74C161 

145p 

74C162 

145p 

74C163 

145p 

74C192 

175p 

74C193 

175p 

74C194 

175p 

74C195 

175p 

74C903 

45p 


NEW, LOW, LOW PRICES 
ON MEMORIES!!! 

Compare our prices before you buy elsewhere 1 
All devices are brand new, factory prime, full 
spec, and fully guaranteed! All prices exclude 
p&p and VAT. Please refer to Ordering 
Information before ordering. DON’T DELAY - 
BUY TODAY - SUCH LOW PRICES DON’T 
LAST FOR EVER!! 

STATIC RAMS 1-24 25-99 100 + 

2114L 450 NS i 95 p i 75 p 150p 

2114L 300 NS 225p 195p 175p 

2114L 200 NS 250p 225p I95p 

4118 250 NS 8K 

NEW!! 895p 795p 695p 

HM61 16 16K (2K x 8) 

150 NS 24-pin NEW!! £19.95 £17 95 £15 95 

DYNAMIC RAMS 

4116 200 NS Ceramic 195d 175d isn n 


4116 150 NS 375p 350p 325p 

HM4864 64K 
(65K x 1) 200 NS 
Single + 5V supply 

16-pin NEW!! £29.95 £24.95 £19 95 I 

CMOS RAMS 
5101 IK (256x4) 

450 NS 350p 325p 295p 

4315 4K(4Kx 1) 450 NS 995p 
TC5514P 4K (IK x 4) 495p 450p 395p 

450 NS 

HM6116 16K (2K x 8) 

150 NS 24 pin NEW!! £19.95 £ 17.95 £ 15.95 

EPROMS 

2708 450 NS 350p 325p 295p 

2716 Single 5V 450 NS 475p 450p 395p 


£19.95 £17.95 £15.95 


Ordering information. Unless 
otherwise stated for orders 
under £50 add 50p p&p. Add 
15% VAT to total (no VAT on 
books). All devices are brand 
new, factory prime and full spec 
and subject to prior sales and 
availability. Prices subject to 
change without notice. Minimum 
telephone order using ACCESS, 
is £10. If ordering by post with 
ACCESS, include name, address 
and card no. written 
clearly. Please allow 4/6 
weeks delivery on books. 


Idress 


2564 64K (8K x 8) 450 
NS 28-pin 


KEYBOARD 

ENCODER 

AY 52376 795p 

SUPPORT DEVICES 


VOLTAGE 

REGULATORS 

7805/7812 

7905/7912 

78H05SC 

78HGKC 


8216 210p 

8224 275p 

8226 225p 

8228 425p 

8251 475p 

8253 995p 

8255 445p 

8257 895p 

8259 950p 

MC144 12VL 797p 
Z80 PTO 595p 

Z80CTC 595p 

Z80AP10 695p 

Z80A CTC 695p 

Z80DMA £19 95 
Z80A DMA £24 95 
Z80S10/1 £29 95 

Z80AS10/0 £34 95 

Z80S10/1 £29 95 

Z80AS10/1 £34 95 

Z80S10/2 £29 95 

Z80AS10/2 £34 95 

LINEAR 1C s 


INTERFACE LINEAR 


AY 31350 
AY 38910 
709 
723 
741 

ICL7106 

ICL7107 

ICL8038 

ICM7216A 

ICM7216B 

ICM7555 

LM301AM 

LM311 

LM318 

LM324 

LM339 

LM380 

LM1496 

LM1871 

LM1872 

LM3900 

LM3914 

LM3915 

LM13600 

NE555 

NE556 

RC4136 

SN76477N 

TBA8-10DAS 

TL071 

TL074 

TL082 

TL084 

TL490 

XR2206 

XR2207 


EPROMS 


2708450 NS 

350p 

27165V 450NS 

475p 

2532 32K 450 NS £14.95 

2732 Intel-type 


450 NS 

£14.95 

2564 NS(8K x 8) 


450 NS 28-pm 


NEW! 

9900p 

UARTS 


AY51013A 

325p 

AY31015D 

398p 

IM64021PL 

325p 

CPU’S 


6502 

625p 

6504 

750p 

6505 

750p 

6800 

645p 

6802 

925p 

6809 

£19 

8080A 

425p 

8085A E 

10 95 

Z80 

700p 

Z80A 

900p 

Z8001 

£125 

Z8002 

£95 

BIPOLAR RAMS 

27LS00 

995p 

93419DC 

125p 

DIL SWITCHES 

4 pole 

99p 

6 pole 

115p 

8 pole 

140p 

10 pole 

175p 

MC1488 

90p 

MC1489 

90p 

DM8123 

125p 

75150 

125p 

75154 

125p 

75182 

195p 

75322 

250p 

75324 

325p 

75325 

325p 

75361 

350p 

75365 

295p 

75451 

50p 

75491/2 

75p 

8T26 

155p 

8T28 

175p 

8T95 

175p 

8T97 

155p 

LEDs 


TIL209 

9p 

TIL211 

13p 

TIL212 

15p 

TIL220 

12p 

TIL222 

15p 

TIL224 

18p 

DISPLAYS 


FND500 

80p 

FND510 

80p 

-FND567 

125p 

DL704 

85p 

DL707 

85p 

MV57164 

225p 

ISOLATORS 


ILD74 

120p 

ILQ74 

325p 

MCT6 

90p 

TIL111 

75p 


NOW 
LONDON- 
FOR EVEN 
I FASTER SERVICE! 

See new address above 


BIPOLAR PROMS 

All are identical and equivalent types - we reserve 
the right to substitute any make. 

256 bit (32 x 8) 16-pin tri-state MB 7051/ 
27S09/7603/5600/6331 / 74S288/82S123 395p 

256 bit (32 x 8) 16-pin open collector MB 
7056/27S08/7602/5600/ 6330/74S188/82S23 395p 

1K (256 x 4) 16-pin tri-state MB7052/74S287/ 

TBP14S10/ 93427/82S129/7611 /6301 395p 

1K (256 x 4) 16 pin open collector MB7057/ 

74S387/ TBP14SA10/93417/82S126/7610/6300 395p 
2K (512 x 4) 16-pin tri-state MB7053/93446/ 

82S131/7621/6306 495p 

2K (512 x 4) 16-pin open collector 
M B7058/93436/ 82S10/7620/6305 495p 

4K (1024 x 4) 18-pin tri-state MB7122/74S^Sk, 
93453/82S137/ 7643/6353/27S33/3625/56. !995p 


NEW SUPER MUSIC 
MACHINE KIT! 

AT LAST - an affordable kit that 
can be PROGRAMMED TO PLAY 
ANY SONG OR GROUP OF SONGS! 
Instead of a nightmare of numerous 
ICs and special expensive Bipolar 
ROMs the SUPER MUSIC MACHINE 
uses a SPECIAL MASK 
PROGRAMMED COMPUTER CHIP 
one CMOS gate and the most 
popular erasable EPROM, the 
2708/2716 series. BASIC KIT includes 
drilled, plated and screened PC board 
and ALL components except the 
EPROM and 12V transformer. The 
basic kit will play short renditions of 
25 tunes through its 7 WATT 
AMPLIFIER SECTION. Add an 
optional ROM and any tune 
programmed will be played. If you 
have the equipment to program 2708 
EPROMs, we supply full information 
on programming your own music! 
FEATURES 

* Basic kit contains 25 short tunes 
in ihe main ICI. 

* Will address external ROM for up 
to 1,000 MORE NOTES per ROM 
(ROM is not included). 

* Operates on 12V AC or 12V DC at 
500mA. (Using unit on 12V DC and 
with optional ROM requires 9V 
bias battery, not included). 

* 7 watts of audio power will drive 
8 or 16 ohm speakers or horn 
speakers (not included). 

+ DIP switches not included. 

* ‘NEXT TUNE’ provision steps 
sequentially'through all lunes. 

* Tune address can be wire jumper 
selected or board is designed to 
take DIP switches. 

* PITCH, VOLUME and TEMPO are 
all adjustable. 

* SPECIAL CHIME’SEQUENCES 
can be activated regardless of 
tune address to provide for 
multiple doorbell applications. 

* All tunes consist of electronic 
musical notes played one at a 
time. There are np chords or 
harmony sound to the music. 

* STEP-BY-STEP ASSEMBLY 
INSTRUCTIONS provided. 

* Large number of 
PREPROGRAMMED ROMS with 
popular and classical tunes 
readily available. Send SAE for list 
and prices. 

ONLY £16.75 for basic kit (plus 
p&p 60p). 


SE 01 Sound Effects Kit 

The SE 01 is a complete kit that contains all the parts to build a 
programmable effects generator. Designed around the new Texas 
Instruments SN 76477 Sound Chip, the board provides banks of MINI DIP 
switches and pots to program the various combinations of the SLF 
Oscillator. VCO. Noises. One Shot and Envelope Controls A Quad Op Amp 
1C is used to implement an Adjustable Pulse Generator. Level Comparator 
and Multiplex Oscillator for even more versatility. The 3'«" x 3” PC Board 
features a prototype area to allow for user added circuitry. Easily 
programmed to duplicate Explosion. Phaser Guns. Steam Trains, or 
almost an infinite number of other sounds. The unit has a multiple of 
applications. The low price includes ail parts, assembly manual, 
programming charts and detailed 76477 chip specifications. It runs on a 
9V battery (not included). On board 100MV amp will drive a small speaker 
directly, or the unit can be connected to your stereo with incredible 
results! (Speaker not included). COMPLETE KIT ONLY £14.99 P&P 67p VAT 1 

BOOKS 

Please order books by reference no. and title, and add 50p post & packing tor each book 
ordered. 

21168 Active FilterCookbook £10.95 

21440 Aviation Electronics3rd Ed. £6.75 

21558 AudiolCOpAmpApplications2ndEd. £5.95 

21524 The Cheap Video Cookbook £4.50 

21398 CMOS Cookbook £7.75 

21539 Design of Active Filters with Experiments £5.95 

21537 DesignofOpAmpCircuitswithExperiments £5.95 

21545 The Design of Phased-Locked Loop Circuits with Experiments £6.75 
21686 Design of VMOS Circuits with Experiments NEW! £5.95 

21618 Electronic Telephone Projects £4.95 

21127 How to Read Schematic Diagrams 3rd Ed. £4.25 

21613 How to Use Integrated Circuits Logic Elements 3rd Ed. £4.50 

21527 1C Converter Cookbook £10.50 

21695 1C Op Amp Cookbook 2nd Ed. £11.25 

21416 1C Timer Cookbook £8.50 

21601 Instrumentation: Transducers and Applications £8.95 

21452 LearnE!eotronicsThru'Troubleshooting2ndEd. £8.25 

21694 LCCircuits £4.46 

21542 Logic and Memory Experiments Using TTL Integrated Circuits - Book 1 £7.50 

21543 Logic and Memory Experiments Using TTL Integrated Circuits - Book 2 £7.50 

21568 LmearlCPrinciples.ExperimentsandPro|ects2nd Ed. £7.50 

21612 Oscilloscope Applications&Experiments £6.75 

21635 99 Practical Electronics Projects 2nd Ed. £3.75 

21599 Practical Low-Cost 1C Projects 2nd Ed. *NE3.50 

21557 Practical RF Communication Data for Engineers and Technicians \75 
21482 Regulated Power Supplies 2nd Ed. F.50 

21419 Security Electronics 2nd Ed. 4.50 

21621 Solar Heating £5.25 

21035 TTL Cookbook £7.25 

21103 Troubleshooting with theOscilloscope 3rd Ed. £4.50 

21313 TV Typewriter Cookbook £7.50 

21339 Video Security Systems £5.25 

21521 VideoTape Recorders £7.50 

6809 S-100 SINGLE BOARD COMPUTER 

• Meets IEEE S-100 Standard! • RS - 232 Handshake! 

• Uses Motorola’s Powerful • Selectable BAUD Rates! 

MC6809 CPU! • Manual includes: 11" x 7" 

• 4K, 8K, 16K ROM! Schematic, Parts List. User Notes. 

• 2K RAM! Software Listings and MORE. 

• ACIA, PIA, 8080 Simulated I/O! Bareboard only £49! (plus £1 p&p), 

CPU (6809) £19.00! ADSMON; Monitor (2716) £25! COMPLETE BOARD 
ASSEMBLED AND TESTED, ONLY £250! (plus £2 p&p). 


Autoranging, Auto Unit Diplay 3Yi-digit DM Ms from ONLY £45.95 inc. VAT IIMIUFDQAL QOB 

6200, as itemised, ONLY £49.95 inc. VAT! UNIVEROAL 91# K 

6220, as 6200, plus lOAmp AC/DC measurement ONLY £55.95 inc. VAT! C106D400V/5ASale 30p 

6100, with lOAmp AC/DC measurement AND Continuity Check! - 

ONLY £85.95 inc. VAT! Optional vinyl carry case £2.65 inc VAT Tup NEW Gl 

* I mV, lOOMAand * Measures resistance * 0.8% accuracy! 


STATIC RAMS 

2114L450 NS 
2114L 300NS 
2114L200NS 
4118250 NS8K NEW!! 

HM611616K (2K x 8) 150 NS 24-pin 
DYNAMIC RAMS 
4116200 NSCeramic 
4116150 NS 

HM486464K(65Kx 1)200 NS| 
Single5V supply, 16-pin NEW! 


CMOS RAMS 

5101 IK (256 x 4) 450 NS 

43154K(4Kx 1)450 NS 


0.1 fi resolution! to 2 Megohms! * Zero 

m Measures AC voltage » Low power adjustment! 

to 600V! Ohm ranges! X 3 other 

« Measures DC voltage * Displays mV, V models too! 

to 1000V! andmA! 


NEW EXCITING, ENTERTAINING SOFTWARE FOR THE APPLE II 
350P and APPLE II PLUS!! ASTEROIDS IN SPACE!!! 

995p If you liked Invaders you’ll love ASTEROIDS IN SPACE by Bruce Wallace! 


195p TC5514P4K(1Kx4)450NS 495p Your spaceship is travelling in the middle of a shower of asteroids. Blast 


225p HM611616K(2Kx8) 

250p 150 NS 24-pin NEW! £26j 

£8.95 

NEW! £19.95 FLOPPY DISK CONTROLLERS 
FD1771 B-01 S/D Inverted Bus 


the asteroids with lasers, but beware - BIG ASTEROIDS FRAGMENT INTO 
£26.00 SMALL ASTEROIDS! The apple game paddles allow you to rotate your 


space. From time to time, too, you'll encounter an alien spaceship whose 
mission is to DESTROY YOU, so you’d better destroy it first! High 


37 5p FD 1791 B-01 D/D Inverted Bus 

£32.95 

£29.95 


£19.95 ^solution graphics and sound effects add to the arcade-like excitement 


this program generates. RUNS ON ANY APPLE II WITH AT LEAST 32K 
AND ONE DISK DRIVE! 

ON DISKETTE ONLY £14.95 


COMPUTER SOUND 

CHIP The amazing AY-3-8910 is a 
fantastically powerful sound and 
music generator, perfect for usa with 
any 8-bit micro processor. Contains 
3 tone channels, noise generator, 3 
channels of amplitude controls, 16 
bit envelope period control, 2 parallel 
I/O, 3D/A converters plus much more. 
All in 40 pin DIP Super easy to 
interface to the S 100 or other Busses. 
ONLY £8.50 +VA1, including FREE 
reprint of SYTE 79 article! Also, add 
£2.25 for 60 page data manual. 
“Perhaps the next famous composer 
will not direct a 150 piece orchestra 
but rather a trio of microcomputers 
controlling a bank of AY-3-8910s. 

BYTE July ’79. 
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Private TV by public telephone 

Conventional television signals are very 
expensive to transmit over landlines, 
because the signal occupies such a large 
part of the electromagnetic spectrum 
that costly circuits and cables have to be 
used. British Telecom, the telecommuni¬ 
cations part of the British Post Office, 
has developed a cheaper, digital slow- 
scan television system which uses the 
two-wire domestic telephone line and is 
now being tried out in many different 
applications. For example, TV confer¬ 
ences can be set up by'dialling-out and 
distant radar displays are being made 
avf ble at a port control office, using 
existing lines. 

If the cost of sending a television signal 
over considerable distances by landline 
were small, there would be many more 
commercial applications in which it 
could play an important part. Obvious 
examples are remote surveillance of 
widely dispersed sites and obviating a 
lot of travel by holding 'video' confer¬ 
ences. But conventional television is 
exceedingly expensive to transmit by 
line because of the very large bandwidth 
of the basic signal; that is, the range of 
frequencies that the signal takes up in 
the electromagnetic spectrum is 
uncomfortably big. A 625-line television 
signal occupies a band 514 MHz wide, 
more than five times -the width of the 
entire medium-wave broadcast band. 
This means that to send a TV signal over 
distances greater than a few hundred 
metres by line requires special cables to 
be id, and for trunk connections a 
satellite or a chain of microwave radio 
links may have to be used. The capital 
and operating costs of such systems are 
usually so high that only rarely can an 
economic case be made for television 
when alternative arrangements will do. 
For some years, British Telecom (the 
telecommunications part of the British 


Post Office) has been studying ways of 
reducing the cost of television trans¬ 
mission in an effort to make more 
applications economically attractive. All 
the techniques put forward inevitably 
compromise the quality of the display 
in some way (that is, they send less 
information than the basic TV signal is 
capable of carrying) and therefore call 
into question the acceptability of such 
displays for various purposes; in each 
case the suitability can be judged only 
by trial under realistic circumstances. 
Industrial development has been started 
on a range of novel equipment, 
including slow-scan TV converters, 
narrow-band (1-MHz bandwidth) TV 
equipment, video-conference terminals 
and real-time picture-compression 
converters, and over the next two to 
four years will be conducting trials 
within private and public-sector 
companies which have suitable appli¬ 
cations. 

The first of these developments to go 
into production and on practical trials is 
a slow-scan TV system which operates 
over the public telephone network or 
any data circuit. 

Reduction 

Because conventional television signals 
occupy a bandwidth equivalent to 
almost 2000 telephone circuits, a great 
deal of compression of that frequency 
range is obviously needed. There are 
three distinct ways of achieving that 
aim. In increasing order of complexity, 
and therefore cost, it can be done by 
reducing picture clarity; by reducing the 
speed of transmission of each image 
(sending fewer picture 'frames', or 
complete scans, in a given time); or by 
reducing the amount of redundant 
information in the picture. The ffrst two 
means are fairly obvious, the third is less 
so. 

In the present system the most signifi¬ 
cant reduction is in speed: for many 
purposes it simply is not necessary to 
transmit the usual 25 frames every 
second, so an immediate reduction of 
100 or 1000 times is realized by taking 
four or 40 seconds respectively to send 
one image. A further factor of five is 
achieved by reducing the clarity, 
through sending only one complete set 


of scanning lines, or field, instead of 
two interlaced sets per frame as in 
broadcast TV, and limiting the horizon¬ 
tal resolution (along the scanning line) 
to about 210 visible points per line. 

In conventional TV cameras and 
monitors, the signal representing one 
field is generated and displayed in 
20 milliseconds. It follows that to make 
a discrete field available for transmission 
and viewing over a much longer period, 
a picture store must be provided at both 
the transmitting and receiving terminals. 
At the start of a sequence, or upon an 
alarm or other command, a TV field is 
captured in the transmitting-end store. 
From there it is sent, at a rate 
determined by the available bandwidth 
of the transmission network, to the 
identical receiving-end store, the 
contents of which are continually 
displayed on the monitor. The observer 
therefore sees each new picture 
gradually over-writing the previous one 
from left to right, which is why we call 
the technique slow-scan TV. 

Digital System 

Slow-scan TV is not new. Analogue 
systems, in which the video-signal wave 
is carried over voice-band telephone 
lines, have been on the market for some 
years. They suffer from accumulation of 
noise, especially over long distances 
where slow-scan TV offers the greatest 
savings. Distortions also show up 
directly. Digital transmission systems, in 
which the analogue waveform is 
encoded as a series of digital pulses of 
equal amplitude, do not suffer these 
defects; provided digit errors in trans¬ 
mission are infrequent, the quality of 
picture is independent of the distance 
travelled. Moreover, with the advent of 
silicon-chip TV digitizers and cheap 
digital memories, the terminals match 
much better to digital transmission than 
they do to analogue. There is also scope 
for the third category of picture 
reduction, that is, removing some 
redundant information from pictures 
which have already been translated into 
digital code. 

In our equipment, only relatively simple 
encoding is used. The picture is 
expensive to provide over any great 
distance, their use tends to be in the 



Telephone^ 



Figure 1. In television broadcasting, one 
complete picture field is generated and 
displayed in 20 milliseconds. To make a field 
available for transmission and viewing over a 
much longer period, picture stores must be 
used at both terminals, as in the above block 
diagram of a typical system. Listed below are 
various applications selected for system trials. 
Applications 1 to 9 can be classed as remote 
surveillance systems, with transmission in one 
direction only and the transmitter usually 
unmanned. The rest use two-way 
communication, though not necessarily 
involving the transmission of pictures in both 
directions. They work on voiceband 
telephone lines with a bandwidth restricted to 
about three kilohertz. 
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range of only a few kilometres where 
transmission can be over ordinary 
captured as 290 scan lines, each contain¬ 
ing 210 visible picture elements (pels). 
When speech is encoded for telephone 
communication, 8-digit 'words' are used 
to convey information about the 
original speech waveform. This is known 
as 8-bit pulse-code modulation (PCM). 
Here, each picture element is encoded as 
a 4-bit word which represents the 
difference between that pel and the one 
immediately above it in the picture. In 
this way both picture stores are only 
half the size that they would be for 
8-bit PCM. Transmission time is halved, 
too; picture quality, of course (at least 
to the practised eye), is slightly reduced. 
In the receiver terminal, the 4-bit 
differential words are decoded to 8-bit 
PCM before display, and field-repeating 
is necessary to feed the conventional 
625-line TV monitor. 

By further extending the coding scheme 
we can reduce the 4-bit words to an 
average of two to three bits, depending 
on the content of the picture. However, 
there is a good prospect that in later 
generations of slow-scan systems more 
complex processing will eventually 
reduce the average information to, 
perhaps, between half a bit and one bit 
per sample, with a corresponding 
reduction in time before the next frame 
can be displayed to keep the picture 
up to date. 

The use of entirely digital apparatus has 
the additional advantage that it can be 
matched to any digital circuit. So, while 
a good quality voice-band circuit can 
support a data rate of 9-6 kbit/s, giving 
a picture time of 15 to 25 seconds, an 
international circuit accepting sub¬ 
scriber dialling will be slower than that. 
On the other hand, a private wire or a 


'packet-switched' system, in which data 
is stored and then transmitted rapidly 
when the user's turn in the traffic queue 
comes round, may be a good deal faster. 
So digital slow-scan is considerably 
versatile in the way it fits into existing 
telecommunications networks. 


Applications 

Because of the cost of terminal equip¬ 
ment, slow-scan TV is not appropriate 
to short distances, for it is then prob¬ 
ably cheaper either to install a special 
cable or to use 313-line TV signals over 
telephone lines with repeating amplifiers 
at intervals of, say, iy 2 km or less. 
In fact such a system is included in 
plans for other visual-service trials. But 
for applications where service must be 
provided at short notice, or only 
temporarily, slow-scan TV may be 
attractive if the resolution and up-date 
time are acceptable. The same is true of 
connections longer than a few kilo¬ 
metres, where conventional TV becomes 
too costly or impractical. 

To study how well it works, various 
applications have been selected for 
trials. Systems in operation or already 
planned are listed in the table on page 
13. The upper group can be classed as 
remote surveillance; the systems are 
uni-directional, with the transmitting 
end usually unmanned. Some are 
permanently in operation, but those 
using dial-up circuits, in which com¬ 
munication over the link is set up by 
dialling over the telephone, either in a 
private network or in the public system, 
require an automatic-answering or alarm- 
triggered automatic-dialling device. In a 
minority of applications the trans¬ 
mission rate is 48 kbits/s, highly 
desirable from an operational view-point 


Table 1 


Application Distance 

1 Protecting radio station after terrorist threat 5 km 

2 Detecting illegal dumping; rapid installation, 2 - 3 km 
temporary use 

3 Protecting bullion vault 5 km 

4 Security monitoring of premises at night 120 km 
from two cameras on one system 

5 Monitoring road traffic for control of signals 25 km 

6 Extension of radar displays to port control 10 km 

office 

7 Underwater surveillance from submersible — 

craft (via ultrasonic transmission link) 

8 Security monitoring of premises at night, 400 km 
from one place 

9 Occasional access to remote camera for 20 km 

traffic control 

10 Sending X-ray pictures from hospital to 100 km 

consultant 

11 Editorial submission to upper management 80 km 

12 Liaison between processing plants 300 km 

13 Aid to project collaboration between 150 km 

laboratory and contractors 


14 Conferences between people in various places 250 km 

15 Conferences between people in various places 40 km 

16 Conferences between people in various places 200 km 

17 Editorial conferences between newspaper 150 km 
offices 


Transmission 

4-8 kb/s dial-up on PSTN 

4-8 kb/s dial-up on PSTN 

48 kb/s on metallic pair 
4-8 kb/s dial-up on PABX 

48 kb/s on repeatered pair 
48 kb/s on metallic pair 

Data via acoustic transmission 

4-8 kb/s dial-up on PSTN 

4-8 kb/s dial-up on PSTN 

4-8 kb/s dial-up on PSTN 

9-6 kb/s on private voice circuit 
4-8 kb/s dial-up on PSTN 
4-8 kb/s dial-up on PSTN 

4-8 kb/s dial-up on PSTN 
48 kb/s on private groupband 
circuit 

4-8 kb/s on private telephony 
system 

4-8 kb/s on private circuit 


2 



Figure 2. Examples of the quality of various 
pictures received over digital slow-scan TV 
systems. In the two to the left, a new picture 
is gradually over-writing the previous one 
from left to right. Prolonged tests are being 
carried out to assess acceptability in practice 
and findings will be made available late in 
1981. 
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because the up-date time is only five 
seconds; but because such circuits are 
telephone wire pairs. If necessary, for 
greater distances, amplifiers are used at 
intervals of about 10 km to maintain 
signal strength. The only likely use over 
greater distances is where a so-called 
'groupband' circuit, with a bandwidth 
of 48 kHz, is already available for other 
purposes but can be taken over when it 
is idle. 

All the other systems are on voice-band 
circuits, that is, with bandwidths of 
about three kilohertz. Although this 
means the picture speeds have to be 
slower, such circuits are by far the most 
readily available, especially if dial-up 
access to the telephone network is 
acceptable. Not surprisingly, many 
security-surveillance systems are not 
needed during working hours, but their 
continuous use of lines and switch 
outlets at night, when not needed for 
other traffic, makes for economical use 
of those resources. 

Thjr l ower group in the table involves 
twc ay communication, though not 
necessarily sending pictures both ways 
(see applications 10 and 11). The main 
use is as an aid to working discussions 
between people in different places but 
closely involved with the same project, 
product or service. It is in these 
'conferencing 7 applications that there is 
greatest room for doubt about the 
quality and speed of the picture. The 
restricted resolution of 210x290 
visible pels is thought to be good 
enough for sketches, diagrams, many 
(but not all) X-ray pictures, newspaper 
lay-outs and views of most solid objects 
such as printed circuit boards, but it 
does not reproduce 200-mm lines of 
typescript well enough for comfortable 
viewing; it remains to be seen how often 
this becomes a disadvantage in practice. 
It is, of course, technically feasibly to 
make a slow-scan system of, say, 
420 * 580 pels, but the transmission 
time 3comes four times longer, which 
is perhaps an even greater detriment to 
conference applications. 

Few people who are likely to use slow- 
scan TV in Telecom trials or in the first 
years of a public service are familiar 
with the form of picture presentation. 
Many react quite favourable at first 
contact, tending not to notice the lower 
resolution nor to condemn the slow 
speed or lack of colour. But it is now 
becoming apparent that such spon¬ 
taneous opinions are a poor guide to the 
true worth of the system. Consider the 
frustration of the security man who 
feels sure something is in need of 
attention but must wait 50 seconds to 
be absolutely certain, or of the energetic 
designer who wishes to display several 
modifications to his sketch in quick 
succession. 

Feed-back 

Only a prolonged test in the service for 
which it is intended can give a reliable 
indication of how acceptable a system 


is for a particular job. The economics of 
the system, too, can be assessed only 
against alternative ways of performing 
the same essential task, such as having a 
security guard at the site to be 
protected. This means that feed-back 
from people trying the system out, 
usually after they have been using it for 
at least six months, is vital to Telecom's 
visual-service trials. 

In addition, experience of the engineer¬ 
ing requirements is a valuable pointer to 
the directions that further system 
developments should take. It has 
already been found, for example, that 
means for camera selection and other 
forms of control, probably by momen¬ 
tarily reserving the data flow, would 
greatly improve the value of a system 
for surveillance work, as would an 
ability to detect movement. 

The findings of our slow-scan television 
trial will be summarized in a report late 
in 1981, a digest of which will be 
released to interested organizations. The 
outcome promises to be a profitable 
new public service. 

Dr N.D. Kenyon, 

British Telecom Research Laboratories , 
Martlesham Heath 

(660 s) 


Rocket to inner space 

The 30-megavolt vertical tandem Van 
de Graaff accelerator due to come 
into use early this year at the UK 
Science Research Council's Daresbury 
Laboratory, near Liverpool, is the 
largest in the world and will provide 
scientists with a novel means of study¬ 
ing nuclear matter. Known as the 
Nuclear Structure Facility (NSF), it will 
be used mainly to accelerate heavy ions. 
Collisions of heavy ions are predicted 
to be capable of generating shock waves 
in which abnormally high-density 
matter may be created, such as exists 
only in the cores of neutron stars. This 
view is of the 41-metre high-voltage 
column, looking down past the centre 
high-voltage terminal to the base; the 
picture was taken before the intershield 
was fitted. 


(Spectrum 172) 


(661 s) 





4-04 — elektor april 1981 


'transistor match-maker' 


Finding matching transistors is a highly 
unpopular and tedious occupation. 
Nevertheless, it is one of those jobs that 
just have to be done from time to time, 
as such transistor pairs are often used in 
differential amplifiers and in particular, 
of course, when they act as temperature 
sensors. Usually, it means improvising a 
test circuit, getting hold of a universal 
meter and spending the entire evening 
testing a whole pile of transistors while 
jotting down the results. Better make 
sure there's nothing on the box that 
night! 

Elektor has now come up with a short¬ 
cut in the form of a transistor tester. It 
makes life a lot easier, as it actually 
compares two transistors. LEDs light to 
indicate whether their Ube anc * Hfe 

’Transistor 

nuildi - nutkcr* 

A transistor tester for finding matched pairs. 

'Oh no, not another transistor tester!" may well be several readers' 
initial reaction. Don't worry, this article is designed to save you and 
your eyes hours of strain and boredom. The device is capable of picking 
matched transistor pairs from a whole pile of 'possibles', and all within 
seconds. Two transistors will be 'matched' if their base/emitter voltage 
and their current amplification are the same. The degree of accuracy 
may range from 'roughly the same' to 'identical' (1%) and can be 
adjusted, as required. It really is an indispensable aid when suitable 
matched transistors are needed for differential amplifiers, or 
temperature sensors. 


correspond or not. The circuit does all 
the work — you just plug in transistors 
and watch the LEDs. There are three 
LEDs altogether: one to indicate that 
sample no. 1 is 'better' than no. 2, one 
to indicate the opposite and another to 
show the pair is a perfect match. 

Operation 

All this may seem rather complicated, 
but in actual fact the tester is based on a 
fairly straightforward principle. Figure 1 
shows a simplified version of the circuit 
to make matters clear. A triangular 
wave-shape is applied to the transistors 
under test (TUTs). Any differences 
between their collector voltages are 
detected with the aid of two compara¬ 
tors and will be indicated by the LEDs. 
That, in a nutshell, is the theory. 

Now to put it into practice. As shown in 
figure 1, the two TUTs are driven by 
exactly the same control voltage, but 
their collector resistors are marginally 
different. R2 a and R2b together are 
slightly greater in value thai^RI, 
whereas R2 a alone is a little smaller 
than R1. And that is the whole trick of 
the tester circuit. 

Let us suppose the two TUTs are 
identical as far as their Ube a "d HpE 
are concerned. The rising slope of the 
input voltage will then switch them 
both 'on' at the same time and the 
voltage at their collectors will drop. If 
we were to freeze the action at any 
point, we would see that TUT2's 
collector voltage is a tiny bit lower than 
that of TUT1, due to its total collector 
resistance being slightly greater. Since, 
on the other hand, R2 a is a little smaller 
in value than R1, the voltage at the 
R2 a /R2b junction will be slightly higher 
than that at the collector of TUT 1. 

As a result of this, the '+' input of 
comparator 1 will be positive with 
respect to its ' input. This means that 
the output of K1 will be high andJ_ED 


i 



Figure 1. The simplified circuit diagram of the transistor tester. Comparators check the two 
transistors for differences in voltage and the result is indicated by the LEDs. 
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D1 will not light. At the same time, the 
'+' input of K2 is negative with respect 
to its ' input and so its output will be 
low and LED D3 will not light either. In 
this situation, where Kl's output is high 
and K2's is low, D2 will light up as an 
indication that the two transistors are in 
fact identical. 

Now let us see what happens when 
TUT1 has a lower UbE and/or a higher 
hfe than TUT2. During the positive 
edge of the triangular signal, the voltage 
at the collector of TUT1 will drop 
sooner and/or faster than that of TUT2. 
Comparator K1 will react to this in the 
same manner as before, in that the 
'+' input will again be positive with 
respect to the ' input and its output 
will therefore be high. Since TUTI's low 
collector voltage is also connected to 


the ' input of K2, that particular ' 
input will now be lower than the '+' 
input connected to TUT2's collector. 
This will cause the output of K2 to rise. 
Since the two comparator outputs are 
high, D1 will not light; D2, like D1, will 
be connected between two high levels 
and thus unable to light either, and now 
there is nothing to stop D3 from 
lighting. D3's LED will therefore 
indicate that TUT1 is the 'better man' 
of the two transistors. 

If TUT2 turns out to be 'better', this 
will of course cause its collector voltage 
to drop at a faster rate. As a result, both 
the voltage at the collector itself and 
that at the R2 a /R2b junction will be 
lower than the collector voltage of 
TUT1. This means that the '+' inputs of 
the comparators will both become low 


Parts List 

Resistors: 

R1,R2,R8 . . . R11 = 10 k 
R3 = 33 k 
R4 = 1 M 
R5 = 100 k 
R6,R7 = 10 k 1% 

R12,R13,R14 = 680 ft 

PI = 1 k tandem potentiometers, linear 

Capacitors: 

Cl =100n 
C2,C3 = 10 m/16 V 

Semiconductors: 

IC1 = A1 . . . A4 = TL 084 
D1 . . . D3 = LED 
D4 = DUS 



The component overlay and track pattern of the tester printed circuit board. Reliable sockets should be used for the two TUTs. 
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universal power supply 


with respect to the ' input, so that the 
two outputs will be low. This prevents 
D2 and D3 from lighting and this time it 
is D1 that lights to indicate that TUT2 
is the 'better 7 choice. 


The circuit diagram and the 
printed circuit board 

Figure 2 shows the complete circuit 
diagram of the tester. All it consists of is 
a single 1C, type TL 084, which contains 
four FET opamps. Schmitt trigger A1 
and the integrator built up around A2 
combine to form a simple triangular 
wave generator. This provides the 
transistors under test with an input 
voltage. The other two opamps (A3 and 
A4) act as comparators and it is their 
outputs which control the LED indi¬ 
cations, D1 . . . D3. 

A closer look at the conglomeration of 
resistors in the collector leads of the 
two TUTs will explain why we used a 
simplified version of the circuit to 
clarify the principle. The final circuit 
looks much more complicated, as a 
tandem pot (PI) has been added to 
preset the range within which the 
transistors may be considered to be 
identical. If PI is turned left as far as it 
will go and the middle LED (D3) lights, 
the two TUTs will be identical within 
about 1%. The 'matched pair' criterion 
is relaxed to about 10% tolerance when 
the pot is turned fully clockwise. 

The maximum possible accuracy is 
limited by the tolerance in R6 and R7, 
by the offset voltage of theTL 084 and 
by the tracking accuracy of PI a and Plb. 
In addition, the transistors under test 
will react to changes in their tempera¬ 
ture, which is something to watch out 
for. If, for example, a transistor is held 
in the hand and then inserted in the 
tester, the results of the test will be 
affected, and so it is better to wait until 
it cools off again before jumping to 
conclusions. 

The tester requires a symmetrical power 
supply. The level of the supply voltage 
is not critical and the circuit will not 
only work well at the indicated + and 
—9 V, but also at + and —7 V or even at 
+ and —12 V. The circuit can easily be 
powered from two 9 V batteries, as its 
current consumption is only 25 mA 

and, in any case, the tester is hardly 
likely to be switched on for hours on 
end. Being battery fed, the circuit can 
be constructed into a neat, compact 
device and is therefore easy to work 
with. 

Figure 3 shows the tester's printed 
circuit board. It is difficult to see how 
anything could go wrong (touch wood!), 
considering the small amount of 

components required. All that it needs 
are a single 1C, two transistor sockets 
for the TUT's, a few resistors and three 
LEDs. Make sure resistors R6 and R7 

are 1% types. H 


An adjustable power supply can, of 
course, be designed in a number of 
ways. To start with, it could be con¬ 
structed with discrete components only 
and there are many standard recipes 
which cater for this. The problem is, 
however, that a reasonable-size power 
supply requires quite a few discrete 
components, so that such circuits end 
up being highly complicated. Quite 
unnecessary, in the chip age. 

A quick and inexpensive solution, 
provided the supply only has to deliver 
fairly low currents, is to use integrated 


universal . 
power supply 


As regular readers will agree, 
ample space and attention has 
been devoted to power supplies on 
Elektor's pages in recent years. 
They have become one of the 
designer cuisine's specialities, so 
to speak. Our September '80 issue, 
for instance, featured the 
precision power unit, a very neat, 
accurate device that can also act as 
a reference voltage source. 

This time Elektor wishes to cater 
for more universal tastes and has 
therefore produced a less exclusive, 
but highly popular power unit: 
a cheap, straightforward, multi¬ 
purpose experimental supply that 
can be adjusted between 0 and 
20 V. 


• output voltage: 0 ... 20 V coarse 

and fine adjustment 

• output current: 2 A maximum 

• short-circuit current: about 2.3 A 

• ripple < 1 mV (at full-load) 


voltage regulators. As soon as/^jher 
currents are involved, however, the price 
of integrated regulators also tends to go 
up .. . which brings us back to square 
one. 

That is why a compromise must be 
sought: a reasonable quality power 
supply without breaking the bank. This 
particular power supply is a step in the 
right direction. It combines a few cheap, 
integrated low-power regulators and 
several series transistor 'heavies'. The 
ICs stabilise and control the voltage, 
without complicating matters, and the 
transistors provide the required number 
of amps. 

Since the supply voltage of most circuits 
rarely exceeds 18 ... 20 V, the upper 
voltage threshold has been chosen at 
20 V. If a higher voltage is required (to 
test amplifiers, for instance) two power 
supplies may be connected in series. 
We'll come back to how that i^done 
later. Besides, a double power \>ply 
has considerable advantages, as more 
and more circuits nowadays need both 
a positive and a negative voltage. A 
double version is therefore to be 
recommended for experimental pur¬ 
poses. 

One of this circuit's greatest attributes is 
that its lower voltage threshold is really 
and truly 0 V —a commodity which 
very few other circuits can boast. 
Because of the large voltage range, 
provision has been made for both coarse 
and fine adjustment of the output 
voltage. Any experimental power supply 
will, of course, have to be short-circuit 
proof and this is certainly the case here. 
However, no arrangement was made for 
a presettable current limitation, as this 
would only serve to complicate matters 
and, in any case, experience has shown 
that this 'luxury item' is hardly ever 
used. 

The supply can deliver up to 2 A — 
plenty for most applications. Further¬ 
more, the power supply features a very 
low ripple voltage due to the IC's high 
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Figure 1. The circuit diagram of the power supply. IC1 is the main voltage regulator and IC2 provides a negative bias voltage enabling the output 
to be adjusted down to 0 V. 


'ripple rejection' (70 dB). It will not 
exceed 1 mV over the full range of 
output current and voltage. 


The circuit diagram 

As figure 1 shows, the power supply 
circuit really isn't that complicated. In 
all fairness, this is not the complete 
version. We have omitted the 'front-end', 
because the transformer(s) and bridge 
rectifier B1 and D1 . . . D4 may be 
connected in various ways, according to 
the ply's purpose. This aspect will be 
dealt with further on in the article. 

The rectified and smoothed transformer 
voltages appear across Cl and C2. The 
higher of the two goes, via R1, to the 
heart of the circuit: IC1, a four-pin 
78GU voltage controller in a 'power 
watt' case. Normally speaking, the 
common input of the 1C should be 
grounded, giving a minimum output 
voltage of 5 V. As it would be nice to 
have the lower voltage threshold at 0 V, 
however, the common input is connec¬ 
ted to a —5 V negative voltage in this 
circuit. This negative bias voltage is 
obtained from the second voltage 
regulator (IC2) and is adjusted with P3. 
The output of IC1 is buffered by two 
emitter followers (T1 and T2) that are 
connected in parallel to provide a 
maximum output current of 2 A. The 
output voltage can be coarsely adjusted 
with PI between 0 and 20 V; 
P2 provides the fine adjustment. 

T3 and T4 ensure short-circuit protec¬ 
tion. As soon as the output current 
exceeds 2 A, the voltage across R3 and 


2 x 20 ... 22 V 
2x3 A 



•“© 

0 ... 20 V 
max. 2 A 


“•£-@ 


— © 

0 ... 20 V 
max. 2 A 


-j—® 


2x 12 V 
2 x 50 mA 


Figure 2. The transformer and bridge rectifier section when a double power supply is built up 
on two boards. 

















4-08 — elektor april 1981 


universal power supply 


3 


Board 1 


h©—© 

0... + 40 V 
max. 2 A 
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Board 2 
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Board 1 


b©-0 

0 ...-40 V 
max. 2 A 

© 


Board 2 






R4 reaches the point where T3 and T4 
will start to conduct. This causes the 
power supply load to be directly connec¬ 
ted to the output of IC1. IC1 would 
now like to deliver its maximum short- 
circuit current (about 1 A), but is 
prevented from doing so by R1. R1 
usually only has to pass the base drive 
current to T1 and T2. When there is a 
short, the voltage across it drops to such 
an extent that the output current of IC1 
is reduced to around 250 mA. In 
addition, the resistor prevents the 
thermal overload protection in I Cl from 
cutting in, as this would produce a 
square wave at the output. 

Obviously, things could go wrong if the 
negative bias voltage collapses while the 
main positive supply is still present 
(immediately after switching off, for 
instance). For this reason, T5 is added: 
it shorts the output of IC1 if the 
negative supply fails. 

C6 and C7 serve to 'kill' high frequency 
components and they also improve the 
transient response. That is why these 
capacitors are not mounted on the 
board but directly across the output 
terminals. D6 and D7 are protection 
diodes. D6 will bypass IC1, should any 
irregularity in the load cause current to 
pass in the wrong direction. D7 prevents 
IC1 from being blown up, if by chance 
the output of the power supply is 
connected to a voltage with the wrong 
polarity. 

LED D5 has the 'cushiest' job of all the 
diodes: it merely acts as an on/off 
indicator. 


Two versions 

As we mentioned before, the trans¬ 
formers and bridge rectifiers have 
various possibilities, as the circuit can be 
built as either a single or a double power 
supply. 


4 


Double power supply: 

2x0... 20 V/2A 

If two individual presettable voltages are 
to be available, the Taw' supply section 
will have to be constructed as shown in 
figure 2. Transformer Trl provides the 
main supply and a (small) transformer 
Tr2 provides the supply for IC2. Obvi¬ 
ously, the double version will require 
two printed circuit boards, which are 
both constructed in the same manner 
and both include the Z-Y link. The 
points marked with an accent (A', etc.) 
belong to the second board. 

Two separate supply voltages naturally 
allow for all sorts of combinations. This 
is illustrated in figure 3. 

Single power supply 0... 20 V/2 A 
As figure 4 shows, a single power supply 
involves fewer components and less 
work. Only one transformer is now 
required (although it must have a 
double winding) and D1 . . . D4 may be 
omitted. In this case the Z-X link needs 
to be made. 

Connecting B1 in the manner drawn in 
figure 4 provides IC1 with a positive 
voltage and IC2 with a negative voltage. 
In spite of the fact that the voltages are 
not equally loaded, the supply trans¬ 
former will be under a symmetrical 
load. 

Construction and setting-up 

Figure 5 shows the printed circuit board 
for the power supply. A number of 
components are not mounted on the 
board: the supply transformer(s), the 
power transistors T1 and T2, the two 
potentiometers and C6 and C7. 

T1 and T2 are mounted together on a 
heat sink with mica insulation. The heat 
sink must have 1.7°C/W thermal resist¬ 
ance, or less. These are available with 
pre-drilled holes (for 2 x T03). The 
wiring from the transistors to the circuit 
- 7 *^- 




Figure 3. A double power supply is clearly 
much more universal for experimental supply 

purposes. Figure 4. An ordinary single power supply only requires one transformer. 
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Part it 


Resistors: 

R1 = 100 0/9 W 
R2 = 2k2 

R3,R4 = 0.68 0/1 W 
R5 = 2k7 
R6 = 2k2/1 W 
R7 = 8k2 
R8 = 100 k 


Capacitors: 

Cl = 4700 m/40 V 
C2= 100 m/40 V 
C3 = 330 n 
C4= 10 m/10 V 
C5,C6 = 100 n 
C7 = 22 m/35 V 
C8= 10 n 


Semiconductors: 

IC1 = 78 GU 

IC2 = 79 GU 

T1,T2 = 2N3055 

T3,T4 = BD 139 

T5 = BC 517 

D1 . . . D4,D6 = 1N4001 

D5 = LED 

D7 = IN 5401 

D8= 1N4148 


Miscellaneous: 

PI = 10 k, linear 
P2 = 1 k, linear 
P3 = 5 k preset 
P4 = 10k preset 
SI = mains switch 
FI = 2 A fuse, slo bio 
B1 = B40 C2200/3200 (40 V/2 A 
bridge rectifier) 

Trl = 2 x 20 ... 22 V/2 x 3 A 
transformer (figure 2) 

Tr2 = 2 x 12 V/2 x 50 mA 
transformer (figure 2) 

Tr3 = 2 x 20 ... 22 V/2 x 1.5 A 
transformer (figure 4) 


board should be as short as possible and 
preferably of equal length, me base and 
collector connections to T1 and T2 all 
require their own leads to the board. 

1C 1 must also be provided with a heat 
t sink, albeit a very small one. Please note: 
the power supply case may not be 
connected to the circuit's 'O'. It should 
only be connected to mains 'earth'. 

All that remains now is to calibrate the 
circuit. This can be done quite easily 
with a good quality multimeter. Let's 
deal with it step by step: 

• Turn P3 and P4 to 0 £2 (fully anti¬ 
clockwise). 

• Switch on (mains switch SI) and set 
PI and P2 to minimum resistance. 

• Turn up P4 until 0 V is measured at 
the R7-P4-D8 junction. 

• Now turn P3 until exactly 0 V is 
measured at the output of the power 
supply. 

• PI and P2 can now be used to adjust 
the output voltage between 0 and 
20 V. 
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intelekt 

a sixteen-bit chess set 



Do you play chess? Are you looking for an opponent who is always 
available ... never gets impatient... plays a reasonably strong 
game ... and even allows you to cheat a little, if you really want to? 

If so, it's time you met Intelekt! 

So much for the advertising blurb. Actually, the chess computer 
described in this article does play a good game. It is designed around 
Intel's new 16-bit microprocessor, the 8088, which makes for 
reasonable speed and reasonable intelligence. Even at its 'stupidest' 
level of play (25 seconds per move) it will make a worthy opponent 
for many chess enthusiasts. At level three (out of eight), it thinks for 
five minutes or so per move — and provides what we considered a 
challenging game. Obviously, this evaluation is based to a large extent 
on our own chess skills. You can judge for yourself: some examples of 
actual games are included, with comments. If you feel that we played 
a stupid game, there are still five more intelligence levels to go; on the 
other hand, if the games look complicated, Intelekt would love to 
challenge you! 
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Chess computers are no longer a novelty. 
This is surprising, when you think of it: 
a few years ago, it seemed unlikely that 
even big commercial computers could 
be taught to play a reasonable game! By 
now, however, you can buy domestic 
versions for anywhere between £ 20 and 
£ 500. By and large, the 'good' ma¬ 
chines cost anything from £ 200 up; 
unfortunately, however, 'intelligence' is 
not always proportionate to price. 

To really determine the best value for 
money, you would have to play several 
games against all the available chess 
computers. We have yet to find some¬ 
body who has done this! As 'second- 
best evaluation', you can either play 
the machines against each other (with 
the risk that both play stupid moves 
without realising it) or else try them 
out on chess problems. The latter 
course, in particular, seems very popular 
for 'comparative reviews' in magazines. 
In our opinion, this is a very second-rate 
approach: the fun and challenge in chess 
is n^t in solving 'mate in three' (when 
'm; in four' is easy); the idea is to 
manoeuvre your opponent into a pos¬ 
ition where you can 'mate' him! In 
other words, the fun is in playing the 
game — not in ending it. 

What is all this leading up to? Quite 
simple: if you want to know how 'good' 
Intelekt is in comparison with other 
chess computers... we don't know! 
(Hurriedly:) But we get the impression 
that it's pretty good. We tried it out on 
chess problems that have been used in 
reviews. Where there was one obvious 
'correct' move, Intelekt found it— 
often even at level 1. Where there was 
an obvious move that led to mate in 
four or five and an unexpected one that 
gave mate in three, it invariably selected 
the 'obvious' move. However, we played 
games against a few commercial ma¬ 
chines that scored highly in reviews, and 
found them rather unexciting; we 
pla—H against Intelekt and it was good 
fun. 

To sum up its strong points in a few 
nutshells: 

• it is easy to set up any position 
(even halfway through a game); 

• illegal moves are not accepted; 

• it knows all the rules of the game; 
castling, for instance, is obviously 
taken into account as a 'possible 
move'; 

• it can play either black or white (or 
even both sides!); 

• it knows the value of sacrificing a 
piece to gain positional advantage: 
not only will it ignore this kind of 
'sacrifice', it will even propose them 
where this seems worth trying; 

• it plays a good game. This, in our 
opinion, is what counts. 

Who or what is Intelekt? He (or it) is an 
electronic circuit containing a micro¬ 
processor and a chess program (in 
ROM), with an input/output that must 
be connected to a 'terminal' — the 
'Elekterminal' (Elektor, November/ 
December 1978), for instance. You 


make your moves by entering them on 
the keyboard of the terminal; Intelekt 
answers by displaying the board, his 
moves and comments (!) on a TV screen, 
via the same terminal. In other words, 
Intelekt is a brain; to speak to him and 
receive his replies you also need a 
'terminal'. 

In this article, we will give a brief de¬ 
scription of the 'hardware' that is 
involved (circuit and printed circuit 
board) but no indication of the 'soft¬ 
ware' (the actual program). Instead, we 
will attempt to give as clear an im¬ 
pression as possible of his chess skills. 
After all, that is what counts! 

The hardware 

The complete circuit is shown in figure 
1. It is not our intention to discuss it in 
minute detail, but we will attempt to 
paint a sufficiently clear overall 
picture. 

To start with the '16-bit brain' (the 
8088): this microprocessor can run in 
either 'minimum' or 'maximum' mode, 
depending on the logic level at pin 33. 
As the words indicate, maximum mode 
is intended for large systems and mini¬ 
mum mode for little ones. Intelekt 
belongs in the latter category. As 
explained in the supplement on 16-bit 
microprocessors, the 8088 produces the 
bus control signals itself when it is set 
to minimum mode; in maximum mode, 
a further 1C would be needed to control 
the (more extensive) bus. 

Inside the CPU itself, data is handled 
as 16-bit 'words'. However, the data 
bus that connects it to the outside 
world is only 8 bits wide. This means 
that each 16-bit word must be cut into 
two 8-bit bytes before it can be put on 
the data bus. For obvious reasons, these 
two chunks of data are transmitted one 
after the other — not simultaneously 
... In other words, they are 'time 
multiplexed'. 

In actual fact, things are even more 
complicated. When Intel introduced the 
8085 (a 'normal' 8-bit microprocessor), 
they used a single set of pins for a 
multiplexed address/data bus. Now, in 
the 8088, they've used the same system: 
the lowest eight address bits also appear 
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Photo 1. Some of the main control signals, 
as they appear on the screen of a normal 
oscilloscope. 


on what we have so far called the data 
bus. This saves pins, making for a 
smaller and cheaper 1C package, and the 
information is still available at the 
exact moment that it is required. First 
the address bits, obviously (the ALE 
pin indicates that a valid address is being 
output); then the data, in two 8-bit 
chunks. 

Having saved seven pins (the eight multi¬ 
plexed pins are saved, but ALE must be 
added), any normal designer immedi¬ 
ately starts wondering what he can do 
with them. Apparently, Intel designers 
are no different. On the 8085, they used 
the pins for interrupt signalling; now, 
in the 8088 we find the address range 
has been extended to 1 Mbyte (one 
million bytes of memory!). 

If the special Intel memory ICs are 
used, seven tracks can also be saved on 
the printed circuit board. However, we 
decided against this; instead, the data 
and address buses are separated by 
means of an octal latch (IC3), so that 
the address information is always 
available and normal memory ICs can 
be used. 

If all this seems complicated, take a 
look at photo 1. This shows a group of 
signals, as they would appear on a 
'normal' oscilloscope (not 'cleaned up' 
by a logic analyser). The upper line is 
the clock, ticking over at 5 MHz (!); all 
further timing is derived from this. At 
point ®, the processor has transmitted 
the new address information. One of 
the address/data outputs (ADO) is shown 
as the second trace. This is followed 
immediately by the ALE pin (third 
trace) going high, indicating that a valid 
address is now present at the output of 
the CPU. The corresponding output 
from the address latch (IC3) is shown 
as the fourth line from the top; as can 
be seen, each time ALE goes high this 
output assumes the same level as that 
on the ADO line, and holds it until the 
next ALE pulse appears. 

If the processor now intends to 'read' 
data, it sets pin 32 (RD) to a low logic 
level as can be seen in the fifth trace on 
the photo. When the data is to be read 
from EPROM, the correct chip has 
already been selected by the preceding 
address cycle. The RD line is connected 
to the OE pin (output enable) of both 
EPROMs, so the selected memory chip 
will now put the desired data on the bus 
(at (D on the second trace). The pro¬ 
cessor 'reads' this data and immediately 
returns the RD pin to a high logic level. 
It can now put the next address on the 
bus, after which the whole cycle is 
repeated. 

When reading from RAM, the basic 
principle is the same. However, this type 
of memory does not include an 'output 
enable' pin, so the read (or write) signal 
is included in the 'chip select' logic 
(CS). 

Writing into RAM is similar to reading. 
As before, the first step is to select 
the address. Then, immediately after 
the negative-going edge of the ALE 
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Figure 1. The complete circuit of Intelekt. The terminal is connected as shown at the lower right-hand corner in the circuit. Note that an 
interrupt key is included, although this is not required for operating the chess computer. 
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pulse, the processor puts the data onto 
the AD lines ((D). It then sets WR at 
logic 0 (the sixth trace on the photo) to 
indicate that the data is valid. This 
'write' signal is combined with the 
address information; the correct address 
is selected and the data is stored in 
RAM. The data on the bus remains 
valid for the complete duration of the 
write pulse. 

So far, so good — but how is the RAM 
to know whether it is to transmit or 
receive data? This is where the DT/R 
signal comes in ('data transmit/receive'; 
the lower trace in the photo). As the 
address information goes out, this pin 
is set to logic 1 for a write cycle, or to 
logic 0 for read. It is passed through an 
inverter to drive the WE (write enable) 
inputs to the RAMs. 

One address in a million 
Although the 8088 can handle over one 
million addresses, Intelekt only needs a 
good 16,000. Obviously, things would 
tend to get confusing if several 'chips' 
sta ! 1 to 'talk' at once. At any given 
moment, the CPU should only be in 
contact with one memory 1C, and this 
is where the address decoder (IC2) 
comes in. This 1C monitors three of the 
address lines (A11...A13) and con¬ 
verts them into eight chip-select signals. 
Depending on the address range indi¬ 
cated, one of these chip-select signals 
goes to logic 0 and the corresponding 
memory 1C can communicate with the 
CPU via the data bus. If the processor 
wants to talk to an input/output 1C, 
it sets the 10/M line to logic 1, deacti¬ 
vating the address decoder. 

The address decoder has open-collector 
outputs. This simplifies matters if 
several outputs are to be combined — 
for instance when using larger EPROMs 
in some future updated version. Each 
output defines a 2 k address block, so 
two of these blocks would have to be 
comhined (by connecting the two 
cor, onding pins of the address 
decoder together) if a 4 k EPROM, type 
2732, is to be used. 

Although the RAM chip used (the 2114) 
is only a 1 K type, there is no reason 
why it should not be allocated its own 
2 K block of addresses. (Note that the 
two 2114s each take care of four 
data bits; together, they form the 
1 K x 8 memory). As shown in figure 2, 
the RAM is located at the lowest 
memory addresses — from 00000 to 
003FF. Since it is enabled during the 
complete 2 K block, a duplicate RAM 
area appears from 00400 to 007FF. In 
other words, two different addresses 
define each RAM memory cell. 

The input/output (I/O) chips IC8 and 
IC9 don't need an address decoder. All 
I/O write instructions enable IC8. via 
the combined 10/M and WR signals; 
similarly, all I/O read operations refer 
to IC9. 

Allocating the addresses 

One might assume that EPROM and 
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Figure 2. The 'memory map'. Although the 
theoretical address range is 1 Mbyte, it 
actually consists of 64 identical 16 Kbyte 
sections. 


RAM could theoretically be located 
anywhere in memory. In practice, this 
is not quite true. When the processor is 
reset, it starts to run a program from 
address FFFF0 on. To make sure that 
there is a program there, it is advisable 
to locate an EPROM in this final address 
block. 

Furthermore, after an interrupt, the 
processor goes looking for an 'interrupt 
vector' (this is the address where the 
corresponding interrupt routine is lo¬ 
cated) at one of the lower memory 
addresses. Since it is useful to be able 
to change these addresses, RAM must 
be located in the lowest address block. 
Even though Intelekt doesn't actually 
make use of the interrupt facility, it 
was decided to locate the memory at 
the 'normal' addresses. This leads to 
the situation shown in figure 2: RAM 
(with its duplicate) in low memory, 
and two blocks of EPROM (4 k in all) 
at the top. 

All this may seem quite reasonable, 
until you start thinking it over. EPROM 
is at the top and RAM at the bottom of 
a one mega -byte address range — but 
the address decoder is only defining 
eight 2 K blocks of memory! How can 
16 K be equal to 1 M? 

Since we are now tossing out K's and 


M's at the rate of one or two in each 
sentence, it is perhaps a good idea to 
digress briefly and explain what they 
signify. Using a single address line, you 
could distinguish between two addresses. 
With two lines, you get an'address range' 
of four addresses; three lines define 
eight addresses, and so on. By the time 
you get up to ten lines, you find that 
you can distinguish between 1024 
adresses. This is referred to as a '1 K 
block'. Since it is slightly more than one 
thousand, we use a capital K. It's rather 
like the difference between Imperial 
and US gallons: they're both gallons, 
but one is slightly more than the other. 
Similarly, the 1 Mbyte address range of 
the 8088 is slightly more than one 
million addresses: 20 address lines 
define 1,048,576 addresses. 

Back to our 'problem': how can 16 K 
be equal to 1 M? Fourteen address 
lines define a 16 K block; of these lines, 
the highest three (All . . . A13) go to 
the address decoder. All higher address 
lines are simply ignored! This means 
that the address decoder can't see any 
difference between addresses 0000, 
04000, 08000 and so on. This can be 
seen in table 1, where the actual bits 
on the various address lines are shown 
for these addresses. Reading from left 
to right, these bits are used as follows: 

• A19 . . . A14 are ignored. They can 
have any value, without making any 

difference to the actual memory 
location that is selected. 

• A13...A11 go to the address 
decoder. They define eight 2 K 

blocks; the highest two enable the 
EPROMs, and the lowest 2 K block is 
for the RAM. 

• A10 . . . A0 define the 2048 ad¬ 
dresses in each 2 K block. In the lowest 
(RAM) block, A10 is also ignored; 
this means that the same RAM is 
addressed in both the first and second 
1 K block (these are referred to as 
'RAM' and 'RAM duplicate', respect¬ 
ively). 

The answer to the 'problem' should now 
be clear: the basic 16 K address range is 
simply duplicated 64 times in the total 
1 Mbyte range, as shown in figure 2. 
After reset, the processor looks at 
address FFFF0. The address decoder 
looks at lines All to A13, finds them 
all at logic 1, and enables the first 
EPROM. Exactly the same result 
would be obtained if the processor tried 
to address 'location 03FF0'. 

Interface 

Communication with the outside world 
runs over a simple RS-232 interface (T1 
and T2). The 'receiver' is a single 
transistor that converts the input signal 
levels to TTL logic levels: 

— 12 . .. —5 V = logic 1 +5 V; 

+5 ... +12 V = logic 0 ->0V. 

Diode D5 protects the transistor when 
the input signal swings negative. 

The 'transmitter' end is also a single 
transistor. This one operates as a 
voltage-to-current converter, which 
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Figure 3. The printed circuit board. Particular care should be taken with the wire links: 43 are required, at least. If the interrupt key is omitted, 
a further wire link is required to connect what would otherwise have been the centre contact pins, as shown. The same applies for the reset key, 
if this is mounted off the board or replaced by a type that does not contain this internal connection. Where several wire link options are possible 
for other memory ICs, only the correct link is shown. 


Resistors: 

R1 ,R19 = 10 k 
R2,R3,R4 = 1 k 
R5 = 220 n 
R6,R7,R9 = 1 k8 
R8 = 47 H 
RIO = 4k7 
R11 .. . R18 = 8 


DIP resistor network) 

Capacitors: 

C1,C3 = 1 ju/16 V Tantalum 
C2,C6,C8 = 10 ju/16 V Tantalum 
C4 = 10 p 

C5,C7,C9,C10 = lOOn 

Semiconductors: 

D1 = LED 
D2 = LED (red) 


D3 . . . D5 = 1N4148 
D6 = 1N4001 or surge diode 
(TVS 505, for instance) 

T1 = BC557B 

T2 = BC547B 

IC1 = 8088 

IC2 = 74LS156 

IC3,IC8 = 74LS373 

IC4,IC5 = 2716 EPROM 450 ns 

IC6,IC7 = 2114 RAM 450 ns 

IC9 = 74LS244 


ICl 0 = 8284 
IC11 = 74LS14 
IC12 = 74LS00 

Miscellaneous: 

51 = digitast switch or wire link 
(see text) 

52 = digitast switch 

53 . . . S9, Sx = 14- or 16-pin DIP switch 
(or wire links, see text) 

XI = 15 MHz crystal small size HC-18/U 
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automatically makes it short-circuit 
proof. LED D2 is used to set the base 
voltage — it will barely light, since the 
current through it is only 2 mA. To 
meet the RS-232 standard, a negative 
output voltage is also required. Since 
Intelekt only uses a positive supply, a 
little trick is used. The input signal, 
coming from the terminal, printer or 
whatever, swings between positive and 
negative levels. This signal is rectified 
(by D3, D4 and C2) to provide the 
negative 'supply' for the output. 

A second output from IC8 drives LED 
D1. This LED flashes on and off when 
the chess program is running. Regular 
and fairly rapid flashes indicate that he 
is waiting for you to enter data; slower 
flashes (corresponding to the depth of 
the 'search') will appear when he is 
thinking. 

Of the eight inputs to IC9, one is used 
for the RS-232 input. The others can be 
connected to a DIP switch; this is a 
unit that contains seven or eight minia¬ 
ture switches, and can be plugged into 
a mal 1C socket. Note that, if an 
eight-switch version is used, the lower 
switch should not be closed — otherwise 
it would short the RS-232 input to 
ground!. Three of the switches set the 
baud rate, as listed in table 2. Obviously, 
for a fixed baud rate ^transmission 
speed to and from the terminal) wire 
links can be used instead of the 
switches. 

Construction 

The printed circuit board is shown in 
figure 3. To keep the cost down to a 
reasonable level, it was decided to use 
a single-sided board. This does lead to 
a larger number of wire links. There are 
43 in all, and it's worth counting them 
before switching on for the first time! 
The possibility of future extensions was 
also considered, and some points were 
brought out even though Intelekt 
do( > use them. However, this does 
not ,.iean that the board can be used as 
the basis for an extensive system: the 
bus is not buffered, and the addresses 
are not fully decoded. The only possible 
extensions we have in mind are the use 
of other EPROMs (or ROMs) with a 
4 K range, and extension of the RAM 
area by substituting a 4118, say, for one 
of the EPROMs. In general, the flexi¬ 
bility that the board offers is only 
intended to facilitate its use in other 
small-system applications. 

The main wire links to watch in this 
connection are: 

• those at each EPROM socket: they 
determine whether a 2716, 2732 or 

4118 can be used — for Intelekt, the 
'2716' link is used. 

• the chip enable (CE) inputs to the 
EPROMs and RAM are connected to 

the address decoder as required; for 
Intelekt, EPROM 1 is driven from 
output 7, EPROM 2 from output 6 and 
RAM from output 0. 

• the DIP switch (or wire links) set the 


Table 1. 


Address 

(hexadecimal) 

Address (binary) 
19 18 17 16 15 14 13 12 11 10 

_9_ 

8 

7 

_6_ 

5 

4 

3 

2 

1 

_0 

0 0 0 0 0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

03 F F F 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

04 0 0 0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 8 0 0 0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

FC0 0 0 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

F F F F 0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 


Table 1. Of the 20 address lines, only the lower 14 are actually used. All ... A13 are passed 
to the address decoder, to determine which memory chip must be enabled. The logic levels of 
the higher address bits (A14 . . . A19) are irrelevant. 


Table 2. 


Baud 

rate 

S« 

S 5 

S 4 

9600 

0 

0 

0 

4800 

0 

0 

1 

2400 

0 

1 

0 

1200 

0 

1 

1 

600 

1 

0 

0 

300 

1 

0 

1 

150 

1 

1 

0 

110 

1 

1 

1 


Table 2. The baud rate (transmission speed in 
bits per second) is determined by the setting 
of three of the switches in the DIP switch 
block. If a fixed rate is sufficient, wire links 
can be used instead. 
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8 
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BB 
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BB 
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PP 

PP 

PP 

PP 

PP 
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6 ::: ::: ::: ::: 

5 ::: ::: ::: ::: 

4 ::: ::: ::: :: : 

2PPPP PPPP 
1RNBQ KBNR 
ABCD EFGH 

81124 4 

Figure 4. The initial board position, as it will 
appear on the screen. The single letters 
(R, N, B, ... ) are white pieces; the letter 
pairs are black; the dots (.'! :) indicate a 
vacant white square. 


baud rate; it is set according to 
table 2. 

Two digitast switches are also mounted 
on the board. Note that, on this type of 
switch, the centre contact is brought 
out onto two pins. This fact is used on 
the board to connect 'supply common' 
to a whole section of board. If other 
types of switches are used\ or if the 
switches are mounted off-board , two 
further wire links will be required at 
this point! 

Communicating with Intelekt 

As explained earlier, Intelekt is con¬ 
trolled via the keyboard of a terminal 
and he 'talks back' by means of the as¬ 
sociated display (TV screen or printer). 
To get some idea of how this works in 
practice, assume that Intelekt is connec¬ 
ted to the Elekterminal. 

After switching on, first operate the 
Reset key on the chess computer itself 
— note that this is the only command 
that is not entered via the Elekterminal 
keyboard. Intelekt will respond by dis¬ 
playing the following message: 

TINY CHESS VI.O 

LEVEL IS 1 CHANGE TO- 

You can now enter a '1', followed by 

Carriage Return — the 'why' of this will 

be explained later on. The chess board 

will now appear on the screen, in the 


initial position as shown in figure 4. The 
single letters (R, N, B,. . . ) stand for 
the white pieces, the letter pairs (RR, 
NN, etc) are black pieces and the dots 
(:::) are empty white squares on the 
board. Intelekt then asks for your first 
move: 

01W: 

To enter your move, key in: 

— the square containing the piece that 
is to be moved; 

— a space; 

— the square to which the piece is to be 
moved; 

— Carriage Return. 

Intelekt will now check whether or not 
you have entered a legal move (if not, 
he will request a new entry) and then 
proceed to calculate his response. 
Initially he will invariably find a 
response in his 'book of standard 
openings' and reply immediately. Later 
on, when he has to start thinking out his 
moves, the response time can vary from 
25 seconds (lowest level of skill) up to 
several hours (highest level). Having 
worked out his move, Intelekt will print 
it on the screen, and immediately dis¬ 
play the new position on the board. 
The result so far could look like this 
(bold type: your moves): 

TINY CHESS VI.O 
LEVEL IS 1 CHANGE TO 1 
(initial board situation) 
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01W: e2 e5 (CR) — an illegal move, so: 
01W: e2 e4 (CR) 

01B : c7 c5 

(new board situation) 

02W: - waiting for your next move. 

If you notice a typing error before 
entering Carriage Return, it is possible 
to correct this by operating 'Backspace'. 
However, if it was a legal move and you 
have already typed Carriage Return, 
there is no easy way to correct it. If 
you really want to cheat, it is possible 
to enter an illegal move, provided you 
terminate it with 'Line Feed' instead of 
'Carriage Return'. 

When it is your move, you can also 
enter one of the following instructions: 
Control X: change players. You now 
play black; he responds by printing 'my 
move'. After he has made his move, you 
can change back to playing white by 
again entering Control X. 

Control A: autoplay. He plays both 
sides! 

Control N: to set the 'number' of the 
level that you want to play. He responds 
with 'Level is 1 change to _' (assuming 
that you were at level 1); you can then 
enter any number between 1 and 8, 
followed by Carriage Return. Level 1 is 
the easiest and level 8 the most difficult. 
We found level 3 to be a good compro¬ 
mise between response time (about 
5 minutes, on average) and skill. 

Control C: change board mode. Intelekt 
responds with a dash prompt: you 

can now enter one of several commands: 

• erase the board (remove all pieces) 
by entering Control E, 

• change any square, as follows: 

— enter the number of the square 
(b5, say); Intelekt responds by 

printing what is on that square; 

— if desired, update the square by 
entering either a colon (:) to 

empty the square, or a single letter 
(K, Q, R, B, N or P) for the corre¬ 
sponding White piece, or two letters 
(KK, QQ etc.) for a Black piece; 

— enter a Space to step to the next 
square (whether or not you have 

updated the preceding one); 

— enter Carriage Return when a se¬ 
quence of squares has been up¬ 
dated. Intelekt again responds with a 
dash prompt, waiting for you to 
enter a new square. 

• after editing the board, return to 
normal mode by entering Carriage 
Return. It may be worth noting that 
Intelekt will refuse to play unless 
there are a Black and White king on 
the board . . . 

All the commands listed above can only 
be entered when it is your turn. So what 
do you do when Intelekt is thinking? 
You can 'interrupt' him by entering 
Break or several spaces. This has the 
same effect as the Control N instruction 
described above: you can change the 
level of play. By entering a lower level 
(level 1, say) you can ensure that it will 
be your turn within half a minute; at 
that point you can of course enter any 
command. 


Reset: This resets the board and pro¬ 
gram for a new game. 

Special moves 

Entering 'normal' moves was explained 
above. For those who are not so familiar 
with the numbering of the squares (A to 
H left to right, and 1 to 8 from bottom 
to top), each board print-out includes 
these letters and numbers. There are 
also a few special moves: castling, en 
passant taking of a pawn, check and 
pawn promotion. All of these possi- 
bilies are known to Intelekt. They are 
dealt with as follows: 

Castling: only enter the move for the 
king. Intelekt will interpret this cor¬ 
rectly, check whether or not it is 
permissable and then move both king 
and rook accordingly. 

En-passant: this move is not as well 
known as it ought to be. To put it in a 
nutshell: when a pawn is initially moved 
up two squares, passing a square that is 
attacked by a pawn, it can be taken at 
the next move by that pawn. As an 
example, assume that Black has a pawn 
on b4. If white moves a pawn a2-a4. 
Black can take it immediately by 
moving b4-a3. To execute this move, 
you would simply enter 'b4-a3'; Intelekt 
will know what is meant. 

Check: Intelekt will print a warning 
when it places you in Check (or Check¬ 
mate); it then rejects any move that 
doesn't remove your king from check. 
Stalemate is also recognised. 

Pawn promotion: It is presumed that 
when you promote a pawn, you want a 
queen; and Intelekt calculates its moves 
on this basis (a minor 'blind spot'). 
If you want anything else, this can be 
obtained via the 'change board' mode. 

A few games 

Three complete games are given in 
tables 3 ... 5. In the first, fairly straight¬ 
forward game, Intelekt played black; in 
the second, he played white. In the 
third game, Intelekt again played black; 
furthermore, in this game white made 
a deliberate effort to 'draw out' the 
machine as far as possible before 
striking back — too late, as things 
turned out. . . 

Obviously, it would take up too much 
space to examine each game in great 
detail. However, if you are interested 
in playing out each game according to 
the moves listed in the corresponding 
table, we will attempt to pick out the 
interesting highlights. 

Game 1 

The first two moves were according to 
his opening 'book': Black's response 
was immediate. White's third move 
(g2-g3) put a stop to this; from now on, 
Intelekt must start thinking for 
himself ... 

After some manoeuvering and minor 
skirmishes. White's move 13. f2-f4 was 
a deliberate attempt to make things 
complicated. If, on the next move. 
White takes one of Black's pawns 


(f4xe5 or f4xg5) the rook on fl 
would attack Black's queen and things 
would start to happen. . . Black can't 
take the pawn by playing e5xf4, and 
g5xf4 opens a lot of interesting 
possibilities. 

In fact, things developed nicely. Then, 
at the 17th move, White was faced with 
the choice: Nd5-f4 or attempt to break 
up Black's central pawn formation? He 
chose the latter option, but it didn't 
quite work out as planned . . . Not yet, 
anyway. 

Moves 20 and following may seem 
rather strange at first sight. 20 Ral-dl 
is safe enough: Black can't play 
Bh5xd1 , since this would be followed 
by Qf2xf7 mate\ To remove this 
threat. Black tried f7-f5. This led to 
the loss of a pawn, and White even got 
the opportunity to continue the 


Table 3. 


1 . 

e2-e4 

c7-c5 

2. 

c2-c4 

e7-e5 

3. 

g2-g3 

d7-d6 

4. 

Bf1-g2 

a7-a6 

5. 

N b 1 -c3 

Nb8-c6 

6. 

d2-d3 

Nc6-d4 

7. 

Ng1-e2 

Bc8-d7 

8. 

0-0 

Bd7-g4 

9. 

b2-b3 

Nd4xe2 t 

10 . 

Nc3xe2 

Qd8-f6 

11. 

Bc1-b2 

g7-g5 

12. 

Qd1-d2 

Bg4-e6 

13. 

f2-f4 

g5xf4 

14. 

Ne2xf4 

Be6-g4 

15. 

Nf4-d5 

Qf6-d8 

16. 

Qd2-f2 

Bg4-h5 

17. 

b3-b4 

c5xb4 

18. 

d3-d4 

b4-b3? 

19. 

a2xb3 

Bf8-g7 

20. 

Ral-dl 

f7-f5 

21. 

Qf2xf5 

Bh5-g6 

22. 

Qf5-f2 

Bg6-h5 

23. 

g3-g4 

Bh5-g6 

24. 

h2-h4 

Ng8-h6 

25. 

g4-g5 

Nh6-g8? 

26. 

d4xe5 

Bg6-h5 

27. 

e5xd6 

Bg7xb2 

28. 

Qf2xb2 

Bh5xd1 

29. 

Qb2xhS 

Bdlxb3 

30. 

Qh8xg8*? 

Ke8-d7 

31. 

QgSxhTt 

Kd7xd6 

32. 

Nd5-b6? 

Qd8xb6 t 

33. 

Kgl-hl 

Bd3xc4? 

34. 

Rf1-f6 f 

Bc4-e6 

35. 

Rf6xe6 f ! 

Kd6xe6 

36. 

Qh7-h6 f 

Ke6-f7 

37. 

Qh6xb6 . 

"1 knew that" 

. Ra8-h8 

38. 

Qb6-f6T 

Kf7-g8 

39. 

g5-g6 

Rh8xh4 t 

40. 

Qf6xh4 

Kg8-g7 

41. 

Qh4-h7 t 

"GRRR" 

Kg7-f6 

42. 

g6-g7 

b7-b5 

43. 

g7-g8 (Q) .. . . 

"1 knew that" 

. "1 give up 1 


Table 3. The first game, with Intelekt playing 
black. 
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'mopping up' action in the centre (moves 
26 and following). During a momen¬ 
tary lull in the battle. Black decided 
it would like to take a pawn (29. . 

. . Bd1xb3), leaving White with so many 
options that he didn't know which to 
choose! Nd5-c7‘t, followed by Qh8xg8^, 
might well win a rook. On the other 
hand, Qh8xg8 1 seems quite promising 
already. Or Qh8xh7 ? Or Rfl-bl ? Or 
e4-e5 ? The game had already lasted 
three hours, so White decided to pick 
one alternative at random .. . 

32 Nd5-b6 was a mistake, pure and 
simple. The idea was to pin things in 
that corner (Qd8xb6 was to be followed 
by Rf1-f6, and if Black tried to save this 
rook. White could follow up with 
Rfl-dl), but White forgot that Qb6 
gives check! Amazingly, Intelekt offered 
this option one move later — apparently 
assuming that Bc4-e6 would be a 
sufficient answer. It wasn't, as moves 
35... 37 show. 

What followed was just a fairly brutal 
end-qame, punctuated by various 
cor entsfrom Intelekt. 

Game 2 

By coincidence, this game (with Intelekt 
playing White) developed along the 
same initial lines as the previous one. 
As before. Black's third move (g7-g6) 
put an end to Intelekt's use of his 
'opening book'. From here on, the game 
progressed in a fairly conventional 
manner, until things started to happen 
around the tenth move. After the dust 
had cleared (at the fourteenth move). 
Black was two pawns up and had a con¬ 
siderable positional advantage. 

As things seemed to be developing in 
Black's favour, White obviously decided 
that it would be wise to exchange 
queens (moves 18 and 19). There didn't 
seem to be much point in avoiding this 
exchange . . . From here on, things 
again developed slowly but surely. For 
the tun of it. Black tried a little trap 
at r te 31 (e5-e4^) : 32 Kd3xe4 would 
have been followed by Nc4-d2 ^, 
winning a rook. As expected, White saw 
this trap and avoided it. 

Some further manoeuvring (up to and 
including move 39) led to a position 
where most of the remaining pieces 
were tied up in one corner, leaving the 
game essentially as a standard two- 
pawn-against-one-pawn end-game. Sur¬ 
prisingly, White gave the impression 
that it was going to chase away Black's 
rook with its king, so Black decided 
to simply promote the pawn without 
taking further precautions (move 43). 
However, the White king came back — 
prolonging the agony. By move 49, the 
end result was clear (even to Intelekt); 
in sheer desperation he tried sacrificing 
his bishop. To no avail. 

If you think it looks easy to 'beat the 
monster', the following may prove 
interesting. At move 19 in this game, 
the situation was as shown in figure 5. 
At this point, Black seriously considered 
playing 19. . . Qa5-c3. For various 


Table 4. 


1 . 

e2-e4 

©7-e5 

2. 

c2-c4 

c7-c5 

3. 

d2-d3 

g7-g6 

4. 

h2-h3 

Bf8-g7 

5. 

h3-h4 

Ng8-f6 

6. 

g2-g3 

d7-d6 

7. 

Qd1-a4* 

Nb8-c6 

8. 

Bel -g5 

0-0 

9. 

h4-h5 

Qd8-b6 

10. 

h5-h6 

Bg7xh6! 

11. 

Bg5xh6 

Qb6xb2 

12. 

Bh6xf8 

Qb2xa1 

13. 

Bf8xd6? 

Qalxblf 

14. 

Qa4-d1 

Qb1xa2 

15. 

Ng1-f3 

Nf6-g4 

16. 

Nf3-d2 

f7-f5 

17. 

Bd6xc5 

f5xe4 

18. 

Qdl-bl 

Qa 2 -a 5 

19. 

Qb1-b5 

e4xd3 

20. 

Qb5xa5 

Nc6xa5 


"1 knew that" 

21. 

B f 1 xd3 

Bc8-e6 

22. 

Bc5-b4 

Na5-c6 

23. 

Bb4-c5 

Ra8-c8 

24. 

Nd2-f3 

Nc6-a5 

25. 

Bc5xa7 

Na5xc4 

26. 

Nf3-g5 

Nc4-b2 

27. 

Kel -d2 

Be6-c4 

28. 

Bd3xc4'l' 

Nb2xc4^ 

29. 

Kd2-d3 

h7-h5 

30. 

Ng5-e6 

b7-b6 

31. 

Rhl-fl 

e5-e4'l‘ 

32. 

Kd3-d4 

e4-e3 

33. 

f2xe3 

Ng4xe3 

34. 

Rf1-f3 

Rc8-©8 

35. 

Ne6-c7 

Re8-e7 

36. 

Nc7-b5 

Re7-d7 t 

37. 

Kd4-e4 

Nc4-d2 f ! 

38. 

Ke4xe3 

Nd2xf3 

39. 

Ke3xf3 

Rd7-b7 

40. 

g3-g4 

Kg8-h7 

41. 

g4xh5 

g6xh5 

42. 

Kf3-f4 

Kh7-g6 

43. 

Kf4-e5? 

h5-h4 

44. 

Ke5-f4! 

Kg6-h5 

45. 

Kf4-f3 

Kh5-g5 

46. 

Kf3-g2 

Kg5-g4 

47. 

Kg2-h2 

h4-h3 

48. 

Kh2-h1 

Kg4-g3 

49. 

Ba7xb6! 

Rb7xb6 

50. 

Nb5-c3 
"1 give up" 

Rb6-e6 


Mistakes are not permitted. This is illustrated 
by the following alternative play from move 
19: 


19. 

Qb1-b5 

Qa5-c3? 

20. 

d3xe4 

Qc3-c1 f 

21. 

Ke1-e2 

Nc6-d4 t ?? 

22. 

Bc5xd4 

e5xd4 

23. 

Qb5-e8^!! 

Kg8-g7 

24. 

Qe8-e7 t 

Kg7-g8 

25. 

Qe7xh7 t 

Kg8-f8 

26. 

Qh7-h8 t 

Kf8-f7 

27. 

Qh8xd4 

Bc8-f5 

28. 

e4xf5 

Ra8-e8* 

29. 

Ke2-d3 

Qcl -a3 t 

30. 

Kd3-c2 

Qa3-a4"*" 

31. 

Nd2-b3 

Re8-c8 

32. 

Rh1-h7 t 

Kf7-g8 

33. 

Qd4-g7 t 

Mate. 


Table 4. In this game, Intelekt played white. 
From the nineteenth move on, two variations 
were tried. 


5 



abcdefgh 


Figure 5. In the second game, this position 
was reached after White's 19th move. An 
alternative play was tried from this point. 


reasons (mainly that it didn't 'feel' 
right), he chose the alternative given 
earlier ( e4xd3 ). However, since it is very 
easy to set up any position when 
playing against Intelekt, the second-best 
choice was also tried later on. The 
results are shown in the continuation of 
table 4 . . . 

The key move was 23 Qb5-e8^ , leading 
to mate in four moves — or so it seems. 
However, when it came to move 25 he 
played Qe7xh7 1 instead of Rh1xh7 
followed by mate ( . . . Qc1xc4 t, 26 
Nd2xc4, Ng4-f6, Qe7-g7 mate). Pro¬ 
longing the agony? Or was this 'beyond 
his horizon'? Or did he see greater 
danger in . . . d4-d3^ , which opens new 
possibilities for harassment by Black? 
However this may be, Black now has 
a small reprieve; he even gets a chance 
to set a small trap: 29. . . Qc1-a3. It 
seemed conceivable that White might 
play Qd4-c3, which could be followed 
by Ng4xf2 — winning a rook). However, 
no such luck. Even though it took some 
time, Intelekt succeeded in ending the 
game. To be quite honest: his end-game 
could do with some improvement! 
He gets there in the long run, but it 
could often be a lot shorter. . . 


Game 3 

This game proved quite interesting. 
Intelekt played Black, and White 
deliberately attempted to 'draw him 
out'. As it proved, giving Intelekt an 
advantage is fatal — even at level 3! 

The surprises started at move 7: 
Nd4-f3^\ Suicide? Not at all, as the 
continuation proves. To compound the 
misery. White's thirteenth move was an 
out-and-out mistake, and Black's re¬ 
sponse was immediate. Things start to 
get hectic at this point, culminating in 
Black's clincher at the twentieth move: 
Bf4-h2. He didn't take the rook — he 
was after greater glory. Greeting White's 
only response (Rg1xg2) with the 
comment 'Dummy!' was adding insult 
to injury. White now decided to get 
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vicious, but it didn't help. 

What follows is relatively uninspired. 
White tried a little trap at moves 42 and 
43: the idea was to follow up with 
44Bg5-e3, winning the pawn on h5. It 
didn't work. By the fiftieth move. 
White didn't feel like doing any hard 
thinking. 51 c6-c7 might have been 
better than Kd6-e7 ; and 52 Ke7-d7 
might be better than Ke7-d8. However: 
the result seems a foregone conclusion, 
no matter what. Moves 57 ... 60 offer 
a clear opportunity for a draw, on the 
basis of repeated moves; however. 
White would like to see how Intelekt 
wins this game. It's a disappointment. 
Even with one rook up, he can't work 
out a clear strategy. After move 73, : 
White had had enough — and switched 
to autoplay. After move 79 it seemed a 
good idea to go to bed, and have a look 
in the morning to see what had devel¬ 
oped. Nothing! He was still playing ring 
around the roses. So I pulled the 
plug. 

The moral of the story: Intelekt plays 
a good game, but he doesn't always 
know how to win in an end-game. This 
is a fairly common failing with chess 
computers. Fortunately, it doesn't 
detract much from their charm: the fun 
is in fighting the game until there is a 
clear win for one of the two sides. At 
that point, it would be normal to give 
up. Playing on against a human op¬ 
ponent would lead to a fairly quick 
death, so you don't do it; playing on 
against Intelekt may lead to an endless 
game, so you don't do that either. 


In conclusion 

In earlier articles ('How I beat the 
monster' and 'Computers and Chess', 
Elektor January 1979), we examined 
the operating principles and common 
failings of chess-playing computers. 
Basically, Intelekt uses the brute force 
of a fast 16-bit microprocessor to over¬ 
come the shortcomings of a straight¬ 
forward 'mini-max' procedure. Sur¬ 
prisingly enough, this approach works! 
For most 'average' human chess players, 
he presents a good challenge at reason¬ 
ably short response times. In fact, for 
most of us poor mortals it is fortunate 
that his 'creator' didn't add sophisti¬ 
cated short-cuts in the program. It 
would be just too humiliating to be 
wiped up by a handful of electronics 
that only took a few seconds to work 
out a move! 

However, there is room for improve¬ 
ment. We have already discussed the 
possibilities of improving the end-game 
and including a survey of pawn pro¬ 
motion to other pieces than a queen. 
Both would involve additional memory 
and slower response — as things stand 
at present. But Intelekt's skills are 
stored in EPROM — and this can be 
exchanged, at a later date, for a more 
sophisticated program! Who knows? 
Intelekt is intended as a chess opponent. 
He doesn't like solving chess problems 


Table 5. 


1 . 

e2-e4 

c7-c5 

52. 

Ke7-d8? 

Ra4-d4 t 

2. 

g2-g3 

e7-e5 

53. 

Kd8-c8 

Re1-e8 t 

3. 

Bf1-g2 

d7-d6 

54. 

Kc8-b7 

Bf3-g2? 

4. 

b2-b3 

Nb8-c6 

55. 

Kb7-a7 

Rd4xd3 

5. 

Bel -b2 

Nc6-d4 

56. 

c6-c7f! 

Kg6-f5 

6. 

Ng1-e2 

Bc8-g4 

57. 

Rb6-b8! 

Rd3-a3^ 

7. 

Nb1-c3 

Nd4-f3 t ! 

58. 

Ka7-b6 

Ra3-b3 f 

8. 

Bg2xf3 

Bg4xf3 

59. 

Kb6-a7 

RhS-aS* 

9. 

Rhl-f 1 

Ng8-f6 

60. 

Ka7-b6 

Ra3-b3 + 

10 . 

d2-d3 

h7-h5 

61. 

Kb6-c5 

Re8xb8 

11. 

h2-h4 

Qd8-a5 

62. 

c7xb8 

Rb3xb8 

12 . 

Qdl -d2 

g7-g6 

63. 

Kc5-d4 

Bg2-c6? 

13. 

0-0-0 

Bf8-h6! 

64. 

Kd4-c5 

Bc6-a4 

14. 

Ne2-f4 

e5xf4 

65. 

Kc5-d6 

Kf5-e4 

15. 

Nc3-e2 

f4xg3 

66. 

Kd6-e6 

Ba4-c6 

16. 

Ne2-f4 

Qa5xd2 t 

67. 

Ke6-f6 

Ke4-d3 

17. 

Rdlxd2 


68. 

Kf6-g7 

Kd3-e2 


"1 knew that" 

69. 

Kg7-h6 

Bc6-f3 



g3-g2 

70. 

Bg5-f4 

Rb8-b6^ 

18. 

Rfl-gl 

Bh6xf4 

71. 

Kh6-g5 

Ke2-d3 

19. 

Bb2xf6 

O -0! 

72. 

Bf4-c7 

Rb6-b5 t 

20. 

Bf6-g5 

Bf4-h2! 

73. 

Kg5-f4 

Kd3-e2 

21. 

Rglxg2 


Autoplay: 



"Dummy!" 

74. 

Bc7-e5 

Bf3-d5 



Bf3xg2 

75. 

Be5-c3 

Rb5-b1 

22. 

f2-f4 

f7-f6 

76. 

Kf4-f5 

Rbl-gl 

23. 

Bg5-h6 

Bh2xf4 

77. 

Bc3-d4 

Rgl-cl 

24. 

Bh6xf4 

Bg2-h3 

78. 

Kf5-g6 

Ke2-d3 

25. 

Bf4xd6 

Rf8-c8 

79. 

Bd4-e5 

Rcl-fl 

26. 

Rd2-f2 

f6-f5 




27. 

e4xf5 

Bh3xf5 




28. 

Rf2-g2 

Rc8-e8? 




29. 

Bd6xc5 

Re8-c8 

148. 

Kg6-g5 


30. 

b3-b4 

Kg8-h7 




31. 

Kc1-d2 

B f 5-e6 


giving the board 

32. 

c2-c4 

a7-a5 


situation: 


33. 

a2-a3 

Be6-h3 




34. 

Rg2-e2 

a5xb4 





35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 


Re2-e7 t 

Bc5-e3 t 

Be3xg5'l' 

a3xb4 

Kd2-c3 

ReT-eS 1, 

c4-c5 

Re6-e5 

Kc3-d4 

b4-b5* 

Re5-e7 t 

Re7xb7 

Rb7-b6 

Kd4-e5 

Ke5-d6 

c5-c6 

Kd6-e7? 


Kh7-h6 

g6-g5 

Kh6-g6 

Bh3-g2 

Rc8-f8 

Kg6-g7 

Rf8-f2 

Bg2-c6 

Rf2-f 1 

Bc6xb5 

Kg7-g6? 

Bb5-c6 

Ra8-a4 1 ’ 

Rf1-e1 t 

Bc6-f3 

Rel-dl 

Rdl-elt 



f g 


Table 5. The computer plays black, and white tries a deliberately 'passive' game to provoke 
Intelekt into attacking. This proved fatal ... 


on his own. So what? Playing chess is 
fun, but getting someone (or something) 
else to solve chess problems for you is 
as pointless as looking for a Scrabble 
opponent who will solve crossword 
puzzles. We got to like Intelekt —he 
has a charm of his own. If you like 
chess, you should make his aquaintance. 


David Levy: 'How / beat the monster' 
Elektor, January 1979, p. 140 
'Computers and Chess' 

Elektor, January 1979, p. 134 
'16-bit microprocessors' 

Special supplement in this issue. N 















uiMToprocessors 


"16 bits, and what do you get? 

Another day older, and deeper in debt!" 


It seems only a few years ago that we were getting used to the idea of a complete computer on a single chip. 
At the time, only very simple 'computers' were involved: microprocessors made sophisticated systems 
controllers, but they were vastly inferior to 'true' minicomputers. 

Now, things are changing. Rapidly. The new generation of 16-bit 'micro'processor systems can equal or even 
better the performance of present-day 'minis'. This means that a fully-fledged personal computer is now 
within reach of any enthusiast. The only question is: which system do you choose? 

This article is intended as a brief survey of the field. As was apparent in the past, and will become even more 
apparent in future articles, our personal conclusion is: you can make almost any processor do almost any 
job. So you just pick the one that happens to come to hand, or that appeals to you most for personal 
reasons. 
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16-bits microprocessors 


From valve to transistor. . . 

From transistor to (TTL) 1C . . . 

From TTL 1C to CMOS . . . 

From CMOS to microprocessor. . . 

And now: 16-bit processors! 

All this in the space of some thirty 
years. No wonder a lot of electronics 
enthusiasts have lost track of devel¬ 
opments! However, they are still 
interested: we often get letters with 
comments like 'I wish I understood 
what it's all about!'. In this article, we 
will attempt the impossible: to give a 
general impression of what these super¬ 
microprocessors are, and at the same 
time compare their capabilities in 
greater depth for the benefit of micro¬ 
processor enthusiasts. 


What is a 16-bit microprocessor? 

Funnily enough, it is not at all easy to 
decide whether a particular type belongs 
in this catagory or not — for reasons 
that will be explained. However, we can 
make some general assumptions that 
broadly define the group. 

A 16-bit digital 'word' defines more 
than 64,000 numbers — from —32,000 
to +32,000, for instance. This is con¬ 
siderably more precise than the 256 
numbers defined by the older 8-bit 
microprocessors (or 'juRs'). Given this 
large numerical range, it becomes 
worthwhile to make the processor 
'do sums'. The new 16-bit /tPs can not 
only add and subtract (as the 8-bitters 
could); they can also be instructed to 
multiply and divide. 

Broadly speaking, any computer system 
can be subdivided into a few distinct 
sections: inputs and outputs (keyboard, 
display, control lines etc.); memory 
(containing both the program that must 
be run and the data involved); and the 
'central processing unit'. This 'CPU' 
moves data to and fro as required and 
performs the necessary operations (add, 
subtract, multiply, divide, AND, OR, 
EXOR, etc.) as well as ensuring that all 
these data movements and operations 
are carried out in the correct sequence, 
as specified by the program. Quite a 
job, you would think; but in fact these 
16-bit microprocessor chips do all this 
and, very often, more. Any comparison 
of 16-bit processors must therefore 
take several things into account: 

• what 'operations' can they do 
(arithmetic, logic, etc.)? 

• how large a memory can they handle 
comfortably, and what possibilities 
do they offer for moving data to and 
from this memory? 

• what options do they offer to the 
programmer (jumps, loops, sub¬ 
routines, etc.)? 

A further general point regarding com¬ 
puter systems is that they tend to grow. 
As more and more memory and 
'peripheral' (input/output) devices are 
added, some further points become 


important when comparing micro¬ 
processors: 

• how easily can they cater for external 
devices that want to break into the 

program ('interrupt' it) at awkward 
moments? 

• how willingly can they co-operate 
with other microprocessors, sharing 

the same resources (memory, peripheral 
devices, etc.)? Bearing in mind that 
these 'resources' often constitute the 
bulk of the cost in a computer system, 
using several processors in one system 
('multi-processor operation') often 
makes very good sense! 

• how fast are they? As systems grow, 
programs may well become more 

complicated. Doing a complete division 
in 40 //seconds may seem fast, but when 
you have a program that requires 
umpteen thousand calculations and data 
movements, time does tend to run 
out. . . Think of the chess computers 
that may take several hours to work out 
one complicated move! 

Back now to the question: what is a 
16-bit microprocessor? As a first gener¬ 
alisation, it seems 'logical' to say: any 
processor that provides the main 
features outlined above and works with 
16-bit data. But there's the rub. Several 
processors work with 16-bit data 
inside the processor chip itself, but 
only move data in 8-bit 'bytes' — 
two consecutive bytes are required for 
one 16-bit word. Is this still a 16-bit 
processor? We are inclined to say: yes. 


in a sort of a way. After all, it does the 
same job — even if it takes twice as long 
to move the data around. But in that 
case, do you also include processors 
that work with 32-bit data inside the 
CPU and move data in 16-bit chunks? 
Or are they 32-bitters? The Motorola 
MC68000, for instance, was defined by 
somebody as 'a 32-bit microprocessor, 
masquerading as a 16-bit CPU'. 

For the purposes of this article, we have 
simply drawn up a list of processors 
that 'seem to belong in the category', 
at first sight. This gives us the eleven 
main types listed in table 1. For various 
reasons (price, intended application) 
this list was 'pruned', leaving us with the 
short list given in table 2: the fJL Ps that 
are of primary interest to (amateur) 
enthusiasts. Variations on these five 
main types are listed in table 3, together 
with some comparative information. 


First impressions 

There are two distinct tendenc in 
16-bit fiP design: on the one hand, 
upgrading from 8-bit processors; on 
the other, 'downgrading' from mini¬ 
computers. To some extent, both of 
these tendencies can influence the 
design of the same microprocessor. 
Motorola and Zilog, for instance, have 
both based their instruction set on an 
analysis of 'most frequently used in¬ 
structions'. Depending on how the 
balance is struck between these two 


Table 1 


16-bit microprocessors, main types 



type 

originator 

process 

application 

MN 601 

Data General 

NMOS 

minicomputer OEMs 

9440 

Fairchild 

l 2 L 

minicomputer OEMs 

F100L 

Ferranti 

Bipolar 

military 

CP 1600 

General Instruments 

NMOS 

electronic games 

8086 

Intel 

HMOS 

general-purpose m p 

MC 68000 

‘ Motorola 

NMOS 

general-purpose /liP 

NS 16032 

National Semiconductor 

XMOS 

general-purpose jliP 

MN 1610 

Panafacom 

NMOS 

? 

TMS 9900 

Texas Instruments 

NMOS 

general-purpose /uP 

WD 16 

Western Digital 

NMOS 

minicomputer OEMs 

Z 8001 

Zilog 

NMOS 

general-purpose n? 


Table 2 


16-bit microprocessors, short list 

type manufacturers 

8086 Intel, Mitsubishi, Mostek, Siemens 

68000 Motorola, Hitachi, Rockwell, Thomson 

16032 National Semiconductor, Fairchild 

9900 Texas Instruments, AMI, ITT 

8001 Zilog, AMD, SGS-Ates 
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Table 3a 


main 

type 

derived 

types* 

data length 
in CPU/bus 

address range 
bus/memory/with support 

data/address 
bus multiplexed 

derivation 

8086 

8080 

16/16 bits 

16/8 bits 

20 bit/1 Mbyte/1 Mbyte 

yes 

upgrade from 8080 
(+ downgrade from mini's) 

68000 


32/16 bits 

23 bit/16 Mbyte/64 Mbyte 

no 

upgrade from 6800; 
downgrade from mini's 

16032 

16016 

16008 

32/16 bits 
16/16 bits 

16/8 bits 

24 bit/16 Mbyte/ 

16 bit/64 Kbyte/ 

16 bit/64 Kbyte/ 

yes 

upgrade from 8080; 
downgrade from mini's 

9900 

9940 

9980/9981 

9995 

16/16 bits 
no external < 
16/8 bits 

16/8 bits 

15 bit/64 Kbyte/ 
iata/address bus; 2 Kbyte RAM 

14 bit/16 Kbyte 

15 bit/64 Kbyte/ 

no 

/ROM on chip 

downgrade from minicomputers 

8001 

8002 

8003 

8004 

16/16 bits 

23 bit/8 Mbyte/48 Mbyte 

16 bit/64 Kbyte/384 Kbyte 
as 8001 
as 8002 

yes 

upgrade from Z80; 
downgrade from mini's 


* for derived types, only differences with respect to main type are listed. 


Table 3b 


main 

type 

derived 

types 

registers 


clock 

frequency 

shortest** 

instruction 

longest** 

instruction 

general 

purpose 

dedicated + control 

a 

8088 

- 

14 (16-bit) 

low-high 

8/5/4 MHz 

5 MHz 

0.25 jus 
0.4 /us 

20 US ((D) 

32 ms (®) 

68000 



18 (32-bit), 1 (16-bit) 

high-low 

8/6/4 MHz 

0.5 /us 

20 ms (©) 

16032 

16016 

16008 

8 (32-bit) 

8 (16-bit) 

8 (16-bit) 

6 (24-bit), 2 (16-bit) 

8 (16-bit) 

8 (16-bit) 


10 MHz 

0.3 /us 

8ms (©) 


9980/ 

9981 

9995 

16 (16-bit)*** 

3 (16-bit) 

high-low 

3.3/4 MHz 

2.5 MHz 

6 MHz 

2 /us 

2.6 /us 

1.1 /us 

31 ms (D) 
41 ms (D) 
17 ms ((D) 

8001 

8002 

8003 

8004 

16 (16-bit) 

16 (16-bit) 

7 (16-bit) 

4 (16-bit) 


6/4 MHz 
6/4 MHz 
10MHz 

10 MHz 

0.5 /us 

0.5 /us 

0.3 /us 

0.3 ms 

140ms (®) 
(19 MS (©)) 
80 ms (®) 
(11 ms (©>) 


* Mow-high': least significant byte at lower address; 'high-low': most significant byte first. 
** at highest permissible clock frequency 
*** these registers are located in RAM, not in the CPU 

® l ned divide, (32-bit) -r (16-bit) = 16-bit result + 16-bit remainder 

® signed divide, (32-bit) -f (16-bit) = 16-bit result + 16-bit remainder 

® signed divide, (64-bit) -r (32-bit) = 32-bit result + 32-bit remainder 


Table 3c 


main type 

derived 

interrupt types 

I/O 

instruction 

ABORT for 

virtual 

memory 

types 

NMI 

traps 

non-vect. 

vectored 

area 

queue 

8086 

8088 

1 

4 

- 

251 

64 Kbyte 

6 byte 

4 byte 

no 

68000 


_ 

27 

_ 

227 

* 

no 

no 

16032 

16016 

16008 

1 

9 

1 

240 

* 

8 byte 

yes 

9900 

9980/ 

9981 

9995 

2 

16 


15 

4 Kbit 

no 

no 

8001 


1 

4 

1 

128 

64 Kbyte 

? 

no 


8002 




255 



no 


8003 




128 



yes 


8004 




255 



yes 


* memory-mapped only 
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opposing tendencies, the results 
differ: 


• Intel (8086,8088) have aimed pri¬ 
marily at upgrading the 8080 family; 

in fact, the 8080 registers are a subset of 
those in the 8086, so that existing pro¬ 
grams can be run with only minor 
modifications. This has the drawback 
that the registers are often dedicated to 
specific instructions; although this often 
makes for more compact machine- 
language instructions, it also tends to 
limit the programming options.. 

• Motorola (MC 68000) have aimed for 
the future: 32-bit registers and a 

powerful instruction set (based, in part, 
on minicomputer practice). At the same 
time they have maintained compati¬ 
bility with the existing 6800-family, so 
that existing support chips can often be 
used (usually in pairs). 

• National Semiconductor (NS 16032, 
16016, 16008) have also aimed for 

the future, without forgetting the past. 
This has led to an intriguing com¬ 
bination of old and (very) new ideas: on 
the one hand '8080-features' like low- 
high data storage (more on this later); 
on the other hand 32-bit registers, 
16 M byte address range, slave processor 
concept and provision for virtual 
memory systems (which will also be 
discussed further on). 

• T exas I nstru ments (TMS 9900 family) 
have aimed, quite simply, at putting 

a minicomputer on a chip. The result is 
distinctly slower than all other pro¬ 
cessors; its addressing range is much 
smaller; it doesn's cater for anything 
like as many interrupts; its instruction 
set is much more limited. Why? It's 
older! At that time, memory and 
peripherals were much more expensive, 
so you didn't use so many in one 
system. This is a great pity: it offers the 
unique feature of locating a complete 
general-purpose register set in RAM, 
which simplifies interrupt processing 
and subroutine branches enormously, 
as will be explained. 

• Zilog (Z8001, 8002, 8003, 8004) 
have aimed at providing a powerful. 


[ACCUMULATOR 


4 'DATA' 
REGISTERS 


COUNT 


DATA 


STACK 

POINTER 

BASE 

POINTER 

SOURCE 

INDEX 

DESTINATION 


4 POINTER/INDEX 
REGISTERS 


string 

operations 


INDEX 


CODE 

SEGMENT 


DATA 
SEGMENT 
STACK 
SEGMENT 
EXTRA 
| SEGMENT 


4 ADDRESS 
SEGMENT 
REGISTERS 


INSTRUCTION 

POINTER 


2 CONTROL 
REGISTERS 


FLAGS 

o| (status register) 


■CARRY 


.AUXILIARY 


CARRY 


STATUS FLAGS 


SIGN 


•OVERFLOW 


INTERRUPT-ENABLE 
DIRECTION 
(incr./decr. for strings) 


CONTROL FLAGS 


•TRAP 
(single step) 


Figure la. The 8086 register set. This can be considered an extension of the 8080/8085 
registers, as indicated by the shaded areas. 


Eight 

Data 

Registers 


Seven 

Address 

Registers 


A7' Two Stack 
Pointers 


Supervisor Stack Pointer 


User Stack Pointer 


control 

registers 


Program 

Counter 


Status 


System Byte 


Figure 1b. The registers in the 68000 are 32-bit 'wide'. Is this still a 16-bit processor? 
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general-purpose microprocessor. They 
seem to have done a good job of 
combining the best of existing micro¬ 
processors with minicomputer practice. 


8 GENERAL- 
PURPOSE 
REGISTERS 


Registers 

In any microprocessor, registers are used 
for three distinct applications: 

• data is loaded into a register, prior to 
performing some 'operation' on it 
(add, subtract, shift or whatever); 

• specific memory addresses are con¬ 
tained in registers (the first address 
of a group of data, stack or program 
section); 

• processor control functions are stored 
in control registers (the program 

counter that points to the next instruc¬ 
tion to be executed; 'status flags'; 
etc.). 

There are two distinct approaches to 
the use of registers. In many older 8-bit 
processors, each register is 'dedicated' 
to a specific job. There is one 'accu¬ 
mulator' for data operations; a 'stack 
pointer' for the first address of a stack; 
and so on. A more flexible system is 
used in some fx? s: 'general-purpose' 
registers are implemented to perform 
any data operation or addressing func¬ 
tion that the programmer cares to 
specify. While being more flexible, this 
approach does have the slight disadvan¬ 
tage that the instructions may be longer. 
You can't just write 'add 1 to the data'; 
instead, you must specify 'add 1 to the 
data/ft register2', for instance. 

In 16-bit processors, there is a clear 
tendency towards the latter system. 
Figure 1 shows the register set available 
to the various processors. 

The 8086 (figure la) has 14 16-bit 
registers in all. In principle, these are 
dedicated as shown. However, Intel 
goes to great pains to point out that the 
first eight are 'general' registers: "The 
data registers can be used without 
constraint in most arithmetic and 
logic operations. The pointer and index 
registers can also participate in most 


PROGRAM COUNTER 


STATIC BASE 


FRAME POINTER 


USER STACK POINTER 


8 CONTROL 
REGISTERS 


INTERRUPT STACK POINTER 


INTERRUPT BASE 


MODULE POINTER 


MOD. 


STATUS 


SUPERVISOR 

MODE 


SUPERVISOR/USER 

MODE 


Figure 1c. The 16000 also uses 32-bit general-purpose registers. 


WORKSPACE 
(in user memory!) 


WORKSPACE POINTER (WP) 


SHIFT 


{ ADDRESS OF FIRST 
-J WORD OF WORKSPACE 


COUNT 


PROGRAM COUNTER (PC) 


CONTROL 

REGISTERS 


I ADDRESS OF 
J INSTRUCTION 


16 DATA 
OR 

ADDR 

REGISTERS 


STATUS REGISTER (ST) 


INDEX 

CAPABILITY 


RTN ADDR 


11 BL SUBROUTINE CALL RETURN ADDRESS 


STORED WSP 


13 LOC. OF CALLING PROG. WORK SPACE 


STORED PC 


14 LOC. OF NEXT WORD AFTER CALL 


15 STATUS OF CALLING PROGRAM 


INTERRUPT 

MASK 


81127-Id 


Figure Id. The 9900 registers are located in RAM. This can be extremely useful in many 
applications. 
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arithmetic and logic operations. In 
fact, all eight general registers fit the 
definition of 'accumulator' as used in 
first and second generation micro¬ 
processors." 

Something similar applies to the 68000 
(figure 1b). In this case, the first eight 
32-bit (!) registers are intended for data 
manipulation and the second group of 
eight for 'stack' and 'base' addressing. 
All sixteen registers can be used for 
indexing. 

The 16000 (figure 1c) has eight (32- 
bit!) general-purpose registers, as well 
as an extensive group of control 
registers. 

A rather different approach is used in 
the 9900 (figure Id). The processor 
itself contains the two normal control 
registers (program counter and status 
register) plus a 'workspace pointer'. The 
latter points to the address in RAM of 
the first 'register'; in all, sixteen 
'general-purpose' registers are specified 
in this way. If a new group of 16 regis¬ 
ters is required for a subroutine or 
interrupt, you only have to change the 
address in the 'workspace pointer'! 
Finally, the 8000 family (figure 1 e) 
contains 16 general-purpose registers, 
one or two of which are actually 
doubled for 'system' or 'normal' mode. 

A general point worth mentioning is the 
use of registers for other data lengths 
than 16 bits. This is illustrated by 
dotted lines in the diagrams: 

• 8086: the first four registers can be 
addressed as two individual 8-bit 

sections each. Effectively, this means 
that they can be used as four 16-bit or 
eight 8-bit registers, or any com¬ 
bination. 

• 68000: 8-bit and , 16-bit sections of 
the first eight 32-bit registers can be 

used individually, as shown; the other 
registers only offer the 16-bit option. 

• 16000: for 8-bit or 16-bit data 
lengths, the lower part of a register 

is used. It is also possible to combine 
two registers and use this pair as a 
single 64-bit register. 

• Z8000: the first eight registers can 
be split up into 8-bit halves. Further¬ 
more, pairs of 16-bit registers can be 
used as 32-bit registers; it is even 
possible to group,them as 'quadruples', 
making 64-bit registers! 


Addressing modes 

Obviously, when writing a program you 
must not only tell the processor what to 
do with data — you must also tell it 
where to find the data in the first place! 
In memory and, if so, where? In a 
register? Or is the data part of the 
instruction ('add one to ...')? 

As any programmer will know, a large 
number of different ways to indicate 
where the data is can be a great help. 
Most processors offer the following 
options: 

• 'register': the register specified in the 


1e 


Z8001 CPU REGISTERS (Segmented Version) 



16 (18) 
GENERAL 
PURPOSE 
REGISTERS 


FLAG AND 
CONTROL 
WORD 




3 PC SEGMENT NO. NOT USED/ALL ZERO 


PC OFFSET 


PROGRAM 

STATUS 


1 6 (5) 
CONTROL 
REGISTERS 




| SEGMENT NUMBER ft OT USE O /ALl'z E R c| ) PROGRAM 

r " V STATUS AREA 

| UPPER OFFSET } POINTER 


□ 4 RATE V COUNTER ^ 
REFRESH ENABLE 


Flags 

C Carry 

Z Zero (= 1 if operation produced zero) 

S Sign (= 1 if operation produced a negative value) 

P/V Parity/overflow (= 1 if parity even or overflow) 
DA Decimal adjust (= 1 if a subtraction was done) 

H Half-byte carry 




Figure 1e. The registers in the 8001 and 8002 can be combined into 32-bit 'pairs' or even 64-bit 
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Z8002 CPU REGISTERS (Non-segmented Versi 


SYSTEM STACK POINTER 


RR14j R isr 

^ R15 NORMAL STACK POINTER 


16 (17) 
GENERAL 
PURPOSE 
REGISTERS 


FLAG AND 
CONTROL f 
WORD L 




PROGRAM COUNTER 


UPPER POINTER InOT USED/ALL ZERo| 


REFRESH ENABLE 


PROGRAM 

STATUS 


PROGRAM 
[status AREA 
POINTER 


■ REFRESH 
1 REGISTER 


> CONTROL 
REGISTERS 


Controls 

VIE Vectored interrupt enable 

NVIE Non-vectored interrupt enable 

SEG Segmentation enable 

S/N System/normal mode 

* = Future slave processor enable 


'register quadruples'. 



instruction contains the data. 

• 'immediate': the data is included in 
the instruction. 

• 'direct': the instruction contains the 
memory address where the data is 
to be found. 

• 'indirect': the register or memory 
location specified in the instruction 

contains the address where the data is 
to be found. 

• 'relative': the data is contained at 
an address that is a specified number 

of steps above or below the address 
pointed to by the program counter. 

• 'indexed': the data is at an address 
that is found by adding a fixed 

address to a value in an 'index' register. 
This is useful when retrieving data from 
a table, for instance. An instruction can 
read 'retrieve the fifth data value (five 
in the index register) from the table 
starting at address 1000'. Adding one to 
the value in the index register converts 
this instruction to 'retrieve the sixth 
data value . . .' 

In addition to these basic options, each 
processor adds its own variations, as 
illustrated in figure 2. It should be 
noted that manufacturers don't seem to 
agree on what name should be given to 
any particular variation, which can 
become rather confusing. Most manu¬ 
facturers, for instance, use the phrase 
'direct' addressing when the instruction 
contains the memory address where the 
data is located. Motorola, however, call 
this 'absolute' addressing; '(register) 
direct' refers to*the situation where the 
data is contained in a specified 
register. 

There are a few other points that are 
worthy of note. What, for instance, is 
the difference between 'based' and 
'indexed' addressing in the 8086? At 
first sight, very little. However, there 
is a difference between them in intent. 
Assume, for instance, that all kinds of 
data for all employees in a company are 
contained in data tables in memory. If 
you want to print out all data concer¬ 
ning one employee, you can use indexed 
addressing: specify the first address 
of the employee's data table and step 
through it by updating the in^ex 
register. On the other hand, if you 
want to total the salary of all the 
employees, you specify which entry in 
the tables to look at (the fifth, say) 
and step through the complete- 
memory by updating the 'base address' 
register. 

Obviously, this sort of thing often in^ 
volves updating an 'index' register in 
equal steps at regular intervals. Some 
processors include this as an extension 
to indexed addressing instructions ('in¬ 
crement' and/or 'decrement'); others 
have separate increment/decrement by 
1, 2, 4 or even 'n' (Z8000) instruc- 
tiQns. 

While we're on the subject of 'memory', 
one further point should be discussed. 
Existing memory systems are designed 
for 8-bit processors, so how do you 
store 16-bit data? In two 8-bit blocks. 



8 — special supplement — elektor april 1981 


16-bits microprocessors 


2a 


ADDRESSING 

MODE 


OPERAND ADDRESSING 
IN THE INSTRUCTION IN A REGISTER 


IN MEMORY 


OPERAND 

VALUE 


1. REGISTER 


2. IMMEDIATE 


3. DIRECT 



The content of the register. 


In the instruction. 


The content of the location 
whose address is in the 
instruction. 


4. REGISTER 
INDIRECT 


DX or BP or SI or Dl 



The content of the location 
whose address is in the 
register. 


5a. BASED 


5b. INDEXED 




The content of the location 
whose address is the address 
in the register, offset by the 
displacement in the 
instruction. 


The content of the location 
whose address is the address 
in the instruction, offset by 
the displacement in the 
register. 


6. BASED 
INDEXED 


BX or BP 



The content of the location 
whose address is the address 
in a register, offset by the 
displacement in another 
register and that in the 
instruction. 


7.STRING 
OPERAND 




MEMORY 

1_J 

OPERAND 


\ 

ADDRESS 


J 


MEMORY 



CTIM A Tl AM 


ADDRESS 


DE 

o 1 INA 1 ION 


The content of the location 
whose address is in the 
Source Index register. 


8a. I/O PORT 
DIRECT 


8b. I/O PORT 
INDIRECT 



In the instruction. 


81127 - 2a 


Figure 2a. Addressing modes in the 8086 (and 8088). Note that it is often necessary to use a particular register for the job: for indexed 
addressing, say, either the SI or Dl register must be used. 
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ADDRESSING 


OPERAND ADDRESSING 


MODE IN THE INSTRUCTION IN A REGISTER 


IN MEMORY 


OPERAND 

VALUE 


1. REGISTER INSTRUCTION-^ 


The content of the register. 


2. IMMEDIATE INSTRUCTION OPERAND 


In the instruction. 


3. ABSOLUTE 


INSTRUCTION 


MEMORY 

ADDRESS 


The content of the location 
whose address is in the 
instruction. 


4. REGISTER 
INDIRECT 


INSTRUCTION 


REGISTER! 
ADDRESS I" 


MEMORY 

ADDRESS 


The content of the location 
whose address is in the 
register. 


5. REGISTER 
INDIRECT 
WITH OFFSET 



BASIC MEMORY / 

INSTRUCTION ADDRESS 

W ADDRESS m \ 

niCPI APPMFMT 

16-bit j 

U lor LMUtlVItlV 1 



The content of the location 
whose address is the address 
in the register, offset by the 
displacement in the 
instruction. 


6. INDEXED 
REGISTER 
INDIRECT 
WITH OFFSET 


INSTRUCTION 


REGISTER 

ADDRESS 


REGISTER 

ADDRESS 


DISPLACEMENT \ 


BASIC MEMORY 
ADDRESS 


1 DISPLACEMENT \ 


The content of the location 
whose address is the address 
in a register, offset by the 
displacement in another 
register and that in the 
instruction. 


7. PROGRAM 
COUNTER 
RELATIVE 


INSTRUCTION 


DISPLACE- 16-bit 
MENT 


PROGRAM 

COUNTER 

VALUE 


The content of the location 
whose address is the address 
in the Program Counter 
offset by the displacement in 
the instruction. 


8. PROGRAM 
COUNTER 
RELATIVE 
WITH INDEX 
AND OFFSET 


INSTRUCTION 


REGISTER! 
ADDRESS I 


DISPLACEMENT 


ID ISP LACE ME NT \ 


PROGRAM 

COUNTER 

VALUE 


The content of the location 
whose address is the address 
in the Program Counter, 
offset by the sum of the 
displacements in the 
instruction and the register. 


9. POST¬ 
INCREMENT 
REGISTER 
INDIRECT 


INSTRUCTION 

REGISTER 

ADDRESS 






1 (byte) 

2 (word) 


MEMORY 


nppRAwn 

ADDRESS 

k " 

Ur L nMIMU 


The content of the location 
whose address is in the 
register; the content of the 
register is then updated. 


4 (double-word) 


10. PRE¬ 
DECREMENT 
REGISTER 
INDT1RECT 


INSTRUCTION 


REGISTER 

ADDRESS 


MEMORY 

ADDRESS 


i ll 


1 (byte) 

2 (word) 


4 (double-word) 



The content of the location 
whose address is in the 
register, after the content of 
. the register has been 
updated. 


Figure 2b. The 68000 also offers 'post-increment' and 'pre-decrement' addressing modes. These are extremely useful when manipulating large 
blocks of data. 
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2c 


ADDRESSING 

MODE 


OPERAND ADDRESSING 
IN THE INSTRUCTION IN A REGISTER 


IN MEMORY 


OPERAND 

VALUE 


1. REGISTER 


2. IMMEDIATE 


3. ABSOLUTE 


4. REGISTER 
RELATIVE 


5. MEMORY 
RELATIVE 


6. TOP OF STACK, 
READ MODE 


7. TOP OF STACK, 
WRITE MODE 


8. SCALED 
INDEXED 



The content of the register. 


In the instruction. 


The content of the location 
whose address is in the 
instruction. 


The content of the location 
whose address is the address 
in the register, offset by the 
displacement in the 
instruction. 


The content of the location 
whose address is the content 
of another location, whose 
address is the content of a 
register offset by a displace¬ 
ment in the instruction, 
offset by another displace¬ 
ment in the instruction 


The content of the location 
whose address is in the 
register; the content of the 
register is then updated. 


The content of the location 
whose address is in the 
register, after the content of 
the register has been 
updated. 


81127 2c 


Figure 2c. The 16000 has some unique addressing modes: "memory relative' and 'scaled indexed', in particular. Since 'scaled indexed' can be used 
with any of the other modes that address an operand in memory, it becomes an extremely powerful tool. 
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2d 


ADDRESSING 

MODE 


OPERAND ADDRESSING 
IN THE INSTRUCTION IN A REGISTER 


IN MEMORY 


OPERAND 

VALUE 


1. WORKSPACE 
REGISTER 


2. IMMEDIATE 


3. DIRECT 


4. WORKSPACE 
REGISTER 
INDIRECT 


5. INDEXED 


6. WORKSPACE 
REGISTER 
INDIRECT, 
AUTO¬ 
INCREMENT 



The content of the register. 


In the instruction. 


The content of the location 
whose address is in the 
instruction. 


The content of the location 
whose address is in the 
register. 


The content of the location 
whose address is the address 
in the instruction, offset by 
the displacement in the 
register. 


The content of the location 
whose address is in the 
register; the content of the 
register is then updated. 


7. PROGRAM 
COUNTER 
RELATIVE 


8.CRU RELATIVE 


Jump instruction 



Jump instructions only. 


81127-2d 


Figure 2d. The 9900 has all the usual basic addressing modes, plus a few that relate specifically to this particular processor's 'architecture'. 


obviously! However, this means that 
each 16-bit word takes up two memory 
addresses, and each manufacturer has 
drawn different conclusions from this. 
In the first place, Intel and National 
have decided to store the least signifi¬ 
cant byte at the lower memory address 
— like writing '8119' when you mean 
'1981'. The other manufacturers do it 
the other way around. Furthermore, in 
most cases the data must always be 
'aligned': the first address for each 16- 
bit word must be an even-numbered 
address. This saves an address line and 
gives a greater range for 'relative' 



addressing. However, it also means that 
data and instructions cannot always be 
tightly 'packed' in memory, and for 
this reason Intel (8086/8088) cater for 
both aligned and non-aligned data — 
the former being faster. 


Instruction sets 

The more instructions the merrier, you 
would think. However, this is not 
strictly true: it all depends on how 
powerful your instructions are in the 
first place. To give an example: for 
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2e 


ADDRESSING 

MODE 


OPERAND ADDRESSING 
IN THE INSTRUCTION IN A REGISTER 


IN MEMORY 


OPERAND 

VALUE 


1. REGISTER 


2. IMMEDIATE 


3. DIRECT 


4. INDIRECT 
REGISTER 


5a. BASE 
ADDRESS 


5b. INDEX 


6. BASE INDEX 


7. RELATIVE 
ADDRESS 



The content of the register. 


In the instruction. 


The content of the location 
whose address is in the 
instruction. 


The content of the location 
whose address is in the 
register. 


The content of the location 
whose address is the address 
in the register, offset by the 
displacement in the 
instruction. 


The content of the location 
whose address is the address 
in the instruction, offset by 
the displacement in the 
register. 


The content of the location 
whose address is the address 
in a register, offset by the 
displacement in another 
register and that in the 
instruction. 


The content of the location 
whose address is the address 
in the Program Counter, 
offset by the displacement 
in the instruction. 


81127-2e 


'-N 




Figure 2e. At first sight, the 8001 and 8002 appear to offer less addressing modes than the other processors. However, some 'addressing 
possibilities' (increment and decrement, for instance) are included in the instruction set. 


block transfer, the 8086 offers the 
instructions 'repeat', 'compare' and 
'decrement'. The Z8000 set includes a 
single instruction 'compare, decrement 
and repeat'. Each processor has its own 
strong and weak points — the 8086, for 
instance, is the only one to include 
'ASCII adjust for add and subtract'. 
Table 4 gives an approximate compa¬ 
rison of the various instruction sets, but 
to get the full picture the manufac 4 
turer's literature will have to be studied. 
Some processors have 'machine 
language' instructions that are relatively 
easy to memorise — a boon to amateur 
programmers! Some assemblers are 
more powerful than others, which 
should appeal to professional users. 
Some instruction sets are more suited 
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Table 4 


DATA TRANSFER 
• move: general purpose 

immediate to register 
immediate to memory 
to/from dedicated 
registers (accu, addr. reg, 
program status etc.) 


move multiple registers 

• stack: push 

pop 

save registers 
restore registers 

• other: exchange data 

clear 

swap bytes 
load address 
translate byte 

BLOCK TRANSFER AND 
STRING MANIPULATION 

e repeat 

• move 
load 
store 

move and repeat 

e compare 

compare and repeat 
scan 

translate 

translate and repeat 
translate, test 
translate, test and repeat 

• skip string 

INPUT/OUTPMT 

• input 

input and incr./decr. 
input, incr./decr. and repeat 
special input 

special input and incr./decr. 
special input/incr./decr. and repeat 

• output 

output and incr./decr. 
output, incr./decr. and repeat 
special output 

special output and incr./decr. 
special out, incr./decr. and repeat 

• more peripheral data (8-bit) 

• communication register: 

test CRU bit 
set CRU bit 
clear CRU bit 


x }x 

r XX (accu) 

’ XX (segm. reg.) 

I XX (EA/pointers) 
[XX (flags) 


MOTOROLA NATIONAL 
68000 16032 


X (CCR) 
XX (SR) 

X (USP) 
XX (An) 

XX (SP/An) 


(XX CRU = I/O) 
XXX (workspace 
pointer) 

X (SR) 

X (int. mask) 


M3 (B/W/DW) 


ARITHMETIC 

• add 

add with carry 
add decimal 
decimal adjust for add 
ASCII adjust for add 
increment by one 
increment by two 
increment by 'n' 
add address 

• subtract 

subtract with borrow 
subtract decimal 
decimal adjust for sub. 

ASCII adjust for sub. 
decrement by one 
decrement by two 
decrement by 'n' 
change sign 
change sign, decimal 
subtract address 

• multiply, unsigned 
multiply, signed 
ASCI I adjust for mult. 

• divide, unsigned 
divide, signed 

ASCII adjust for divide 
extend sign 

evaluate periodic function 
modulus of periodic function 
remainder 

• compare 

check R against bounds 
compare address 

e absolute value 


XXX 
(X: 9940) 
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Table 4, 







INTEL 

MOTOROLA 

NATIONAL 

TEXAS 

ZILOG 

continued 

8086 

68000 

16032 

9900 

8001 

LOGIC 






• AND 

XXX 

XX 

X 

X 

XX 

• OR 

XXX 

XX 

X 

X 

XX 

• EXOR 

XXX 

XX 

X 

X 

XX 

• NOT 

X 

X 

X 

X 

XX 

• test flag (s)/CC 

XXX 

(n.a.) 


(X CRU = I/O) 

XX 

test operand 


X 



XXX 

test and set 


X 




ROTATE AND SHIFT 






• shift logical left 

lx 

X 

X 

ix 

XXX 

shift arithmetic left 

r 

X 

X 

r 

XXX 

shift logical right 

X 

(X) « SLL 

(X) «SLL 

X 

XXX 

shift arithmetic right 

X 

(X) * SAL 

(X) *SAL 

X 

XXX 

shift dynamic logical 



(X) w SLL 


XXX 

shift dynamic arithmetic 



(X) *SAL 


XXX 

• rotate right 

X 

X 

X 

X 

XX 

rotate right through carry/extend 

X 

X 



XX 

rotate left 

X 

X 

(X) « RR 


XX 

rotate left through carry/extend 

X 

X 



XX 

rotate digit left 





X 

rotate digit right 





X 

BIT MANIPULATION 






• bit test 


X 

X 


xxxx 

bit test and change 


X 




bit test and clear 


X 




bit test and set 


X 



XX 

compare ones corresponding 




X 


compare zeroes corresponding 




X 


find first set bit 



X 



• set ones 




X 


set bits corresponding 



X 

XX 

xxxx 

set CRU bit 




(X = I/O) 


set bit 



XX 



• reset bits corresponding 



X 

XX 

xxxx 

reset CRU bit 




(X = I/O) 


reset bit 



XX 



• inyert bit 



X 



• extract bit field 



XX 



insert bit field 



XX 



convert bit field pointer 



X 



PROGRAM CONTROL 






• call subroutine 

xxxx 

XX 

XX 

XX 

XX 

return from call 

xxxx 

X 

X 


X 

extended operation (user-def.) 



XX 

X 


execute (variable instruction) 




X 


system call 



X 


X 

• interrupt call 

XXX 





return from interrupt 

X 

XX 

XX 


X 

• jump/branch, unconditional 

xxxxx 

XX 

XX 

XX 


jump/branch, conditional 

16 

X 

14 

12 

4 

multiway branch 



X 



• loop, conditional 

XXX 

X 

X 



jump from loop 

X 





PROCESSOR CONTROL 






• control bits, clear 

XXX 


X 


XX 

control bits, set 

XXX 

X 

XX 


XX 

control bits, invert 

X 




X 

control bits, move 



XX 


xxxxx 

multi-micro request 





X 

multi-micro set 





X 

multi-micro reset 





X 

multi-micro test 





X 

• halt, wait 

XX 

X 

X 

X 

X 

NOP 


X 

X 


X 

reset (external devices) 


X 


X 


escape (to external device) 

X 





restart 




X 


clock bus 

X 





segment override 

X 





trap 


X 

X 



trap on overflow 


X 




clock off 




X 


clock on 




X 


breakpoint 



X 



Table 4. A comparison of the five instruction sets. The number of crosses indicates how many variations of a particular instruction type exist; 

where this would tend to get out of hand, a number is used instead. 

This survey is intended only to give a general impression; for the exact 

details, the manufacturer's instruction set must be studied. It should also be noted that many instructions go under several different names. For 

instance, what we have listed as 'extend sign' may actually be shown in the official instruction set as 'extend MSB', 

'convert byte to word', etc. 
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to higher programming languages 
(Pascal, for instance) than others. To 
go into all this in sufficient detail is 
beyond the scope of this article. 



Interrupts 

The basic idea behind 'interrupts' in 
computer systems is that when a pro¬ 
gram is running it may have to be 
'interrupted' at any time, so that the 
computer can do some other (more 
urgent) job first. When that job is 
finished, the computer can return to 
the original program and carry on where 
it left off. For instance, some chess 
computers 'think' in the opponent's 
time. When he makes his move, the 
computer's calculation must be inter¬ 
rupted and the new position of the 
piece is entered; only then can it 
continue its calculations to work out 
its own move. 

Obviously, different interrupt sources 
v require different interrupt routines; 
aithe sooner the computer knows 
which routine to run, the better. For 
this reason, all the 16-bit processors 
offer a 'vectored interrupt' facility: the 
interrupt source points to a position in 
an address table, that contains the initial 
address of the required interrupt 
routine. 

This address table must be located 
somewhere in memory. As can be seen 
in figure 3, most processors reserve a 
(large) section from address 00000 on, 
and some also reouire a (small) section 
at the last memory addresses. The 
Z8000 is an exception: its pointer 
table ('program status area') can be 
located anywhere in memory; the 
NS 16000 also provides for a freely 
locatable 'interrupt and trap vector 
table'. 

It is also extremely useful to know how 
'urgent' a particular interrupt request is, 
in 'ationship to the program that is 
actually running at the time. This 
leads to the distinction between: 


• non-maskable interrupts: when this 
occurs, the corresponding routine 

must be executed without delay. A 
prime example would be a 'power- 
failure interrupt': emergency procedures 
must be carried out without delay! 

• priority-coded interrupts: an inter¬ 
rupt request includes a code that 

indicates its urgency. If this proves to be 
more important than what the com¬ 
puter is actually doing, the request is 
acknowledged; otherwise it is ignored. 
Generally speaking, all interrupts except 
the non-maskable one are priority- 

nnrlorl 

A further distinction is made between: 

• (normal) interrupts : these are gener¬ 
ated by some external device, as ex¬ 
plained above. 

• (software) traps : these occur when 
'something funny' happens during 

normal execution of a program — over¬ 
flow, for instance. In some processors, 
they can also be deliberately 'called'by 
a normal program instruction; in fact, 
the 8086 offers the possibility of 


initiating all interrupt routines (even the 
hardware type) by giving a suitable 
instruction. 


System extensions 

As we stated at the outset: computer 
systems tend to grow. Figure 4 gives 
some idea of what this means in prac- 
practice ... Long as it is, the list is by no 
means complete: new support chips 
are being announced daily, and even in 

CAisiiuvj mciaiuic lilt. Iiianuiuv/iuiv/id 

tend to list more than others. Further¬ 
more, some of the 'extensions' shown 
will not be necessary (or even desirable) 
in many applications. For instance, we 
have consistently 'demultiplexed' the 
data- and address buses, even though 
this will often be unnecessary. 

It should be noted that some of the 
support chips are (slave) micropro¬ 
cessors in their own right. In figure 4a, 
for instance, the 8089 input/output 
processor is derived from the 8080 
family. 

The same applies to the 'memory 
management unit' shown in figures 
4b, 4c and 4e. Here, a new concept is 
introduced at the same time: 'virtual 
memory' as opposed to real memory. 
Obviously, when processors can operate 
with 48 or even 64 mega-bytes of 
memory, it is hardly feasible to have 
all this as RAM. For this reason, it is 
common practice to have a much 
smaller RAM area and store data that is 
not in use at that time on a floppy disk 
or some similar 'low-cost' memory. As 
required, sections of program or data 
are retrieved from the disk and located 
in RAM, where the processor can reach 
them. 

To avoid having to burden the processor 
(and the programmer!) with this job, 
a separate 'memory management unit' is 
used. This looks at the 'logical address' 
that the processor is putting out and 
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3a 


8086 


3b 


68000 


INITIALIZATION/ 
SYSTEM RESET 






TYPE 255 POINTER: 
(AVAILABLE) 

3FF 

3FC 

AVAILABLE 
INTERRUPT 
POINTERS i 

£ 

3 r 




_TYPE 33 POINTER:_ 

” (AVAILABLE) 




_TYPE 32 POINTER:_ 

(AVAILABLE) 

080 


~ 

TYPE 31 POINTER: 
(RESERVED) 

07F 

RESERVED 
INTERRUPT 
POINTERS 5 
(27) 

£ 

. c 

f 



_ TYPE 5 POINTER:_ 

(RESERVED) 

014 



TYPE 4 POINTER: 
OVERFLOW 

010 

ncmrATen 


TYPE 3 POINTER: 

— 1-BYTE INT — 

INSTRUCTION 

OOC 

UtUIOM 1 tU 

INTERRUPTj 
POINTERS 1 


__ TYPE 2 POINTER: _ 
NON-MASKABLE 

008 

(5) 


TYPE 1 POINTER: 
SINGLE-STEP 

004 



TYPE 0 POINTER: 
DIVIDE ERROR 

000 

_CS BASE ADDRESS_ J 

Ip offsEt | 

\ 


16 BITS 








81127 3b 


Figure 3. All processors require some dedicated RAM area. Among other things, they expect to find the start address of interrupt routines there 
(the 'interrupt vectors'). When using the 16000 (figure 3c) and the 8001 (figure 3e), this RAM area can be freely located anywhere in memc 
all other processors require some dedicated RAM in extreme low and/or extreme high memory. 


checks whether that particular section 
is actually in RAM. If so, well and good: 
the MMU simply puts the correct RAM 
address (the 'physical address') on the 
bus. Otherwise, it gives a warning to 
the processor ('hold everything!'); 
makes space in RAM by storing some 
or all of its contents on the disk; loads 
the necessary section from disk into 
RAM; and finally tells the main pro¬ 
cessor that it can continue the program. 
For this sort of thing to work properly, 
the main processor must be stopped in 
time without losing or modifying the 
data that it is currently working on. 
This is where the 'Abort' facility comes 
in. As Zilog put it when they intro¬ 
duced the Z8003 and Z8004: 'The 
Abort capability allows for the inter¬ 
ruption of instructions or access to data 
that do not reside in main memory. 
More generally, when the Z8003/4 
tries to access non-existent memory 


the attempted access is aborted 
gracefully." 

Other features can be important when 
extending a system: Direct Memory 
Access (DMA), multi-processor oper¬ 
ation and so on. However, since all the 
processors discussed here provide all 
these options in one way or another, 
there is little point in going into greater 
detail. The same applies to 'software 
support': for all these processors there 
is 'an adequate abundancy' of literature, 
assembler routines, software and so 
on. 


In conclusion 

Each of the five processors has its own 
strong and weak points, but each of 
them will do almost any job. As some^ 
one put it: 'Even if there was a "best" 
micro, oth§r factors (such as your own 


skills and attitude, the available soft¬ 
ware and so on) will soon reduce any 
advantage of this "best" micro to 
zilch. If you don't happen to like the 
"best" micro, just wait a month or two 
and it will get shot out of the saddle 
by something much more promising.' 
There's a lot of truth in this! 

However, if you want to pick a 16-bit 
processor and get started now, the 
choice may well depend on factors 
that have not been discussed above: 

• Price and availability? These can 
change within weeks, so it is advis¬ 
able to contact the various manufac¬ 
turers (a list of addresses is included at 
the end of this article). The National 
Semiconductor NS 16000, for instance, 
is so new that the data we needed had 
to be flown in from America! The first 
samples should be available later this 
year. 
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3c 


16000 


3d 


9900 


SCRATCH AREAS, STACKS, 

INTERRUPT VECTORS AND SOFTWARE MODULES 
CAN BE LOCATED ANYWHERE IN MEMORY. 


CONTROL REGISTERS MEMORY 



AREA DEFINITION 


MEMORY 

ADDRESS 


MEMORY CONTENT 



Figure 3e on page 18 -> 


• A clear and straightforward 'machine 
language' instruction set? This is 
more important to many amateurs than 
a 'powerful assembler'! But what do 
you mean by 'clear and straight¬ 
forward'? To some extent, that depends 
on what you're used to. Also, a point to 
watch is the difference between what 
manufacturers claim and what they do. 
Motorola, for instance, stress the fact 
that they have a set of 'powerful, 
general-purpose instructions' so that the 
programmer 'has less to remember when 
writing software'. This is true, up to a 
point. Zilog, on the other hand, claim 
one of the most comprehensive instruc¬ 
tion sets. Also true, up to a point. How¬ 
ever, if you cut through the 'mnemonics' 
and look at the actual bits in the in¬ 
structions, the results can be surprising. 
To give an example: Shift instructions. 
Motorola list four for the 68000 
(Arithmetic Shift Left or Right, and 


Logical Shift Left or Right), whereas 
Zilog give six for the Z8000 (Shift 
Dynamic Arithmetic or Logical, 
Shift Left Arithmetic or Logical and 
Shift Right Arithmetic or Logical). 
Motorola point out that they use the 
same instruction for either 'dynamic' 
or 'static' shifts — "fewer being better"! 
('Dynamic' means that the number of 
positions that the data is to be shifted 
is contained in a register; 'static' means 
that the number is part of the instruc¬ 
tion). What is the truth of the matter? 
Both processors use a single basic in¬ 
struction for all shift operations! Two 
bits make the distinction between Byte, 
Word or Double-word data; one bit 
determines whether an arithmetic or 
logic shift is required. The 68000 uses 
one bit to distinguish between shifting 
left or right; the Z8000 makes this dis¬ 
tinction by using a positive or negative 
number to specify the shift (for left 


or right, respectively) — limiting its 
dynamic shift range to 32 positions, as 
opposed to Motorola's 64 positions. On 
the other hand, the Z8000 uses one bit 
to distinguish between Static and 
Dynamic shift, and this leads to a 
greater range for the static shift (up to 
32 positions, as opposed to Motorola's 
8). So which processor is 'better'? 
Furthermore, some manufacturers dis¬ 
tinguish instructions that others con¬ 
sider to be the same instruction with 
different addressing modes. To give 
one example: in the Z8000 addressing 
modes summary (figure 2e), 'Indirect 
register with increment or decrement' 
is conspicuously absent. On the other 
hand, the instruction set includes: 
'Load', 'Load and Decrement', 'Load, 
Decrement and Repeat', and so on. 

To sum it all up: when you cut down 
to the bare bones, you find that all 
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3e 


Z8000 


PROGRAM STATUS AREA 
POINTER (PSAP) 


BYTE OFFSET 
HEX 


K9 



5J33L55H 


RESERVED 

FCW 

|seg| 

PC PFFSET 

RESERVED 

FCW 

_|SEG |_ 

PC OFFSET 

ES3HQ33BB 

WKSSEMttfSBSli 

mmammm 

HSEaSISuMB 

WEmmmm 

FCW 

IsegI 

PC OFFSET 

RESERVED 

FCW 

-Jseg| 

PC OFFSET 



lSEG| 


□ 1 ~ 

PC 2 OFFSET 

IsegI 

PC 3 OFFSET 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

|SEG| 

PC n OFFSET 


-J __I 

OFFSET ' IMPLIED 


EXTENDED 

INSTRUCTION 

TRAP 


PRIVILEGED 

INSTRUCTION 

TRAP 


SYSTEM 

CALL 

TRAP 



FCW 

PC 

FCW 

PC 

FCW 

PC 

NOT USED 

FCW 

PC 

FCW 

PC 

FCW 

PC, 

PC 2 

PCs 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

PC n 


FORMAT OF SAVED PROGRAM STATUS IN THE SYSTEM STACK: 


SEGMENTED 
28001) 




8086/8088: 

— The 8086 Family User's Manual 
(Intel 1979) 

— 16-bit microprocessor benchmark 
report (Intel 1980) 

MC68000: 

— Microcomputer forum 
(Motorola 1980) 

— MC68000 reference summary 
(Motorola) 

— User information/preliminary 
descriptions available from Motorola 
(MC68000), Rockwell (R68000), 
Thomson (EF 68000), Hitachi 

(HD 68000). 

— MC68000 article reprints (Motorola 
1980) 

NS 16000: 

— NS 16000 family overview (National 
Semiconductor 1980) 

— NS 16000 technical marketing b, 
(Nat. Sem. 1980) 

TMS9900: 

— 9900 family systems design (Texas 
Instruments 1978) 

— data sheets/product information 
available from Texas Instruments 
(TMS9900), AMI (S9900), ITT 
(ITT9900) 

— 16-bit pP Technical articles (AM! 

1979) 

Z 8000: 

— Z8001 and Z8002 programming 
manual (SGS/Ates 1980) 

— AM Z8000 family data book (AMD 

1980) 

— Z8000 Technical Manual (ZHog 
1980) 

— Z8000 Assembly language pro¬ 
gramming manual (ZHog 1980) 

— data sheets/App/ication notes avail¬ 
able from ZHog (Z8000), AMD 
(AM Z8000) 

— Programming the Z8000 (Sybex 
1980) 


these processors are very similar in most 
respects, they are all much more power¬ 
ful than 8-bit processors — it is not just 
a question of going from narrow gauge 
to standard gauge. Any choice between 
them must be based to a large extent on 
personal taste, and to a lesser extent on 
the intended application. The 9900, 
for instance, has its own particular 
charm — but it could do with some 
general-purpose registers on the CPU 
chip as well (to speed things up) and a 
more extensive instruction set. The 
68000, 16000 and Z8000 are all very 
close in capabilities and general struc¬ 
ture; it is very difficult to name a 
'winner', even on (decimal) points. The 
8086, on the other hand, is closer in 


some ways to 8-bit practice. This can 
be an advantage or a disadvantage, 
depending on how you look at it. 


Future Developments? 

Each processor is likely to be improved 
in the future. Motorola, for instance, 
states specifically: The present version 
of the 68000 does not offer string 
operations, but they will be available 
on the next version, along with floating 
point operations'. Texas Instruments 
are working hard 'behind the scenes' - 
on what? 

It will be interesting to see how things 
develop. In future issues, we will be 


including articles on each processor 
family — with as much detail and 
'expectations for the future' as we 
can obtain! Meanwhile, we will con¬ 
tinue our policy of using the processor 
that comes to hand for any given job. 
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HOLD (S5/5T0I 
hlda (KS/STi) 
VK (LOCK) 

M/io (St 

ot/S (ST) 


Clock 

generator 


Microprocessor 


2-bit i 8259A 

Interr. 

controller 


Interrupts 


system bus 


Bus 

controller 


address/data bus 

^ _ AO... A19 

DO ... D15 

8282/8283 

8286/8287 

Bus demuxing 



Common Signals 


Function 


AD15-AD0 

Address/Data Bus 

- 

Address Bus 

A19/S6- 

A16/S3 

Address/Status 

EHE/S7 

Bus High Enable/ 


Status 

MN/Mx 

Minimum/Maximum 

Mode Control 

ED 

Read Control 

TEST 

Wait On Test Control 

Rfe&DY 

RE 1 

Wait State Control 

System Reset 
Non-Maskable 

NMf 

Interrupt Request 

INTR 

Interrupt Request 

CLK 

System Clock 

V CC 

+5 V 

GND 

Ground 


8088 


AD7-ADQ 

A15-A8 

A19/S6- 

A16/S3 


8087 

numeric data 
processor 


other support chips: 

8202 dynamic RAM controller 

B251A UART 

B253-5 interval timer 

B255A-5 peripheral interface 

B257-5 DMA controller 

3271 floppy disk controller 

B273 HDLC/SDLC controller 

B275 CRT controller 

B278/79 keyboard/display interface 

3291 GPIB talker/listener) IEEE 4 

3292 GPIB bus controller } bus. 


Minimum Mode Signals (MN/MX = Vcc) 

HOLD 

HLDA 

WE 

M/R5 

DT/E 

DEN 

ALE 

FNTA 

Hold Request 

Hold Acknowledge 
Write Control 

Memory I/O Control 

Data Transmit/ 
Receive 

Data Enable 

Address Latch 

Enable 

Interrupt. Acknowledge 

SO Status 

HOLD 

HLDA 

WE 

IO/ffl 

DT/E 

DEN 

ALE 

iNTa 

sso 

Maximum Mode Signals (MN/MX = GND) 

ED/GTl, 0 

Request/Grant Bus 

liltiKcMMiI 

CODR 

Access Control 

Bus Priority Lock 

Control 

LOCK 

S5-S0 

Bus Cycle Status 

5T50 

QS1, QS0 

Instruction Queue 

Status 

QS1, QS0 



Figure 4a. The 8086 and 8088 microprocessors are members of what Intel calls the iAPX-86 
family. This family includes several 'slave' processors: microprocessor-based support chips, that 
perform jobs that the processor itself cannot — or certainly not as easily. Clear examples are the 
'Numeric Data Processor' and 'Input/Output processor', with further 'slaves' to be announced. 
This processor can be operated in either 'minimum' or 'maximum' mode. In minimum mode, 
the processor controls the bus itself; in maximum mode, a 'bus controller' is added as shown 
above. The maximum mode is intended for large systems, where a more extensive control bus is 
required. 
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ASC 6 
UDSC 7 
LOSC 8 
R/W C9 
DTACK CIO 
BG C 11 
BGACKC 12 



Microprocessor 


Interrupts 


system bus 


-Data-bus do... di 
-Address bus ai .. 
(logical address) 


68451 

Memory 

management 

unit 


Memory 


1 Error detection/ | 
correction circuit! 


Bubble memory 
controller 


Bubble 

Memory 


INPUT AND OUTPUT SIGNALS 


M6800 

Peripheral 

Control 


VCC(2) B 
GND(2) 


AddressN 
Bus ; 

CLK ' 





U)ata Bu^ 



AS 


68000 

R/W " 

/ ^co 

Microprocessor 

UDS _ 

* FC1 


LDS _ 

FC2 


DTACK 



a BR 

n VMA 


BG 

VPA 


a BGACK 

, BERR 


_ IPLO 

m RESET . 


_ IPL1 

_ HALT _ 


a ' PL2 


LBus Arbitration 
[ Control 


other support chips 


6821 

PIA 

68341: floating point ROM 6840 

progr. timer 

68450: DMA controller 6843 

floppy disk controller 

68)22: cluster terminal controller 6845 

CRT controller 

68230: parallel interface/timer 6847 
68560: sorial DMA procossor 6849 

video display generator 

68561: multi protocol 

disk generator 

communications contr. 6850 

async. comm, interface 

6852 

sync, serial interface 

6854 

data link controller 


Input/output 

processor 


Multi-processor 

interface^ 


Pin 

Function 

A1-A23 

Address Bus 

D0-D15 

Data Bus 

A5 

Address Strobe 

R/W 

Read/Write 

015$ LCS 

Upper and Lower Data Strobes 

dTack 

Data Transfer Acknowledge 

BR 

Bus Request 

ms 

Bus Grant 

EGACK 

Bus Grant Acknowledge 

FPLO... 2 

Interrupt Priority Level 

6ERR 

Bus Error 

RESET 

Reset 

halt 

Halt 

E 

Enable 

VMA 

Valid Memory Address 

VPA 

Valid Peripheral Address 

FC0,FC1,FC2 

Function Code Output 

CLK 

Clock 

vec 

Power Input 

GND 

Ground 


Other microprocessors 


Figure 4b. The 68000 also belongs to a large family. Some of the other members of the family 
are also 'intelligent*: microprocessor-based support chips like the 'Memory Management Unit' 
and Tnput/Output controller*. There are also a large number of 'normal' support chips. 
Furthermore, as an added bonus to many potential users. Motorola have ensured that existing 
6800 peripherals and support chips can be used in 68000 systems — usually in pairs. 

It is worth particular note that the 68000 is one of the few 16-bit processors with separate data 
and address buses. 
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16032 (- 16 ) 


Clock 

generator 


Microprocessor 


Interr. 

controller 


Interrupts 


system bus 


address/data bus 


ADDRESS/DATA (16) 



Bus demuxing 


Memory 

management 

unit 


* can operate as slave 
processor in 16032 
systems 


1 Error detection/ 
correction circuit 



ADDRESS/DATA (16) 


16081 * 

Floating 

point 

unit 


other support chips 


16203: DMA controller 
1791: Double density FDC 
8277: CRT controller 
82851: Bubble memory 
controller 


ADDRESS/DATA (8) 


CLOCKS CPU 



Input/output 

processor 


16204 

Multi-processor 

interface 


Other microprocessors 


NS16032 I/O 

16-Bit Address/Data (MUX) 

8-Bit Address 

4 Bits Status 

SBS 

oum 

HBE 

RDY _ 

HbLb,HL£>A, rro 
RMT, FflT 
SET 

FIT, U/5,FF3 
PHI, PH2 
R5T 
5PC 

2GNDS And V C C 


Figure 4c. The 16000 is so new that the 'pinning' is not yet known! However, we have received 
sufficient 'preliminary' information to give a fairly complete picture of its possibilities. As with 
many of the other 16-bit processors, the 16000 'family' includes several intelligent support 
chips. In fact. National Semiconductor even take this principle one step further in their 
literature: when discussing the register set, they also count the registers in the 'Floating point 
unit' and the 'Memory management unit'! Although there is something to be said for this, it 
didn't seem quite fair to the other manufacturers — and so figure 1c only lists the registers in 
the CPU itself. 

A strong point of the 16000 family is not readily apparent from the block diagram given above: 
the ease with which 'software modules^ (program sections and subroutines in ROM) can be 
located anywhere in memory. The instruction set and addressing modes were designed with this 
possibility in mind, and National state that they intend to provide an extensive 'software 
library'. That would certainly simplify things: 'Don't re-invent the wheel, use the existing 
plans'! 
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v«[ 

Vcc [ 
WAIT [ 
LOAD £ 
HOLOA £ 


•'[ 

-[ 


au n 


At h 


-d 


♦3 d 


DIIM 

CRUOUT 

cruim 

INTREQ 


HOLD 

MEMEN 

REAOY 

WE 

] CRUCLK 

]vcc 

]RC 


9900 


h at 


P 'CO 


Pin 

Function 

A0-A14 

Address bus 

D0-D15 

Data bus 

01-04 

clock 

Vbb 

-5 V 

V CC 

+ 5V 

V DD 

+ 12 V 

V SS 

GND 

INtREO 

Interrupt request 

IC0-IC3 

Interrupt codes 

CRUIN 

CRU data in 

CRUOUT 

CRU data out 

CRUCLK 

CRU clock 

DBIN 

Data bus in 

MEMEN 

Memory enable 

WE 

Write enable 

READY 

Memory ready 

HOLD 

Hold request 

HOLDA 

Hold acknowledge 

WAIT 

Wait indication 

RESET 

Reset 

IAQ 

Instruction acquisition 

LUAD" 

Load WP and PC 



Other microprocessors 


Figure 4d. This type of block diagram can't give a complete picture of the 9900 family. Texas 
Instruments not only supply a wide range of 'support chips'; there is also a whole series of 
microprocessor chips that are derived from the basic 9900. With or without RAM and/or ROM 
on the chip; with various types of data in- and output; for different applications. As Texas 
Instruments put it: 'The 9900 family is a compatible group of microprocessors, micro¬ 
computers, microcomputer modules and minicomputers'. Furthermore, in the not-too-distant 
future a new member of the family is expected! 
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Microprocessor 


CONNECTION DIAGRAM 
Top View 


system bus 



CONNECTION DIAGRAM 
Top Vlow 
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AD10 
AD11 
A012 
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STOP 
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LOGIC SYMBOL 


Note: Pin 1 is marked tor orientation 


LOOK SYMBOL 



3 -bit 


Interrupts 


address/data bus 


Bus demuxing 


AO ... A15, SO ... S6 
DO . .. D15 


logical address ^ 


8010 

Memory 

management 

unit 




Memory 


disk memory 
controller 




floppy 

disk 


other support chips 


Z8065 Burst Error Processor (BEP) 

Z8068 Data Cyphering Processor (DCP) 

Z8073 System Timing Controller (STC) 

Z8163 EDC Timing controller 

Z8164 Dynamic Memory, Address Multiplexer 

8016: DMA controller 
8030: multi-protocol 

communications contr. 

8036: parallel interface/timer 
8052: terminal controller 


Pir 

Function 

AD 0 -AD 15 

Address/Data 

AS 

Address Strobe 

BUSAK 

Bus Acknowledge 

BUSRQ 

Bus Request 

DS 

Data Strobe 


Memory Request 

Ml 

Multi-Micro In 

MO 

Multi-Micro Out 

NMI 

Non-maskable Interrupt 

NVT 

Non-vectored Interrupt 

CLK 

System Clock 

RESET 

Reset 

R/ffl 

Read/Write 

sn 0 -sn 6 

Segment Number 

5EET 

Segmentation Trap 

ST 0 -ST 3 

Status 

STOP 

Stop 

Vl 

Vector Interrupt 

WXTT 

Wait 

B/W 

Byte/Word reference 

N/S 

Normal/System Mode 

Decouple 

Output from on-chip negative 
substrate-bias generator. 
Presently not connected. 



Other microprocessors 


Figure 4e. The Z8001 also has several brothers, sisters and cousins. The 8002,8003 and 8004 
are alternative versions of the CPU itself; then, as usual, there is an intelligent 'memory 
management unit', 'input/output processor', and so on. It is clear from several little details that 
Zilog put great value on 'Multi-processor systems', where several 8001 's are used in the same 
system — sharing memory and input/output resources. Not only does the instruction set cater 
for this sort of thing: it is also apparent from the 'multi/micro control' pins! 
























Processor type 

Manufacturer 

Importer 

Telephone number 

AMZ 8001/2 

AMD 

Advanced Micro Devices (UK) Ltd, 

AMD House, Goldsworth Road, Woking, Surrey. 

(04862) 22121 

S9900 

AMI 

AMI Microsystems Ltd, 

Princes House, Princes Street, Swindon, Wilts. SN1 2HU 

(0793) 37852 

HD 68000 

Hitachi 

Hitachi (UK) Ltd, 

Pie Building, 2, Rubastic Road, Southall, Middlesex UB2 5LF. 

(01) 574 0732/38 

8086/8088 

Intel 

Intel Corporation (UK) Ltd, 

Dorkan House, Eldene Drive, Swindon, Wilts. SN3 3TU. 

(0793) 26101 

M5L 8086 

Mitsubishi 

Mitsubishi (UK) Ltd, 

Otterspool Way, Watford, Herts. 

(0923) 40566 

M K 8086 

Mostek 

Mostek UK Ltd, 

Masons House, 1, Valley Drive, Kingsbury Road, London NW9. 

(01) 204 9322 

MC 68000 

Motorola 

Motorola Ltd, 

York House, Empire Way, Wembley, Middlesex. 

(01) 902 8836 

NS 16000 

National 

Semiconductor 

National Semiconductor (UK) Ltd, 

301, Harpur Centre, Horne Lane, Bedford MK40 1TR 

(0234) 47147 

NS 16000 

Fairchild 

Fairchild Camera and Instrument (UK) Ltd, 

230, High Street, Potters Bar, Herts. 

(0707) 51111 

R 68000 

Rockwell 

Pelco (Electronics) Ltd, 

Regency Square House, 26-27 Regency Square, Brighton BN1 2F8. 

(0273) 722155 

Z8001/2 

SGS-ATES 

SGS-ATES (UK) Ltd, 

Planar House, Walton Street, Aylsbury, Bucks. HP21 7QJ 

(0296) 5977 

SAD 8086 

Siemens 

Siemens Ltd, 

Siemens House, Windmill Road, Sunbury-on-Thames. 

(09327) 85691 

TMS9900 

Texas 

Instruments 

Texas Instruments Ltd, 

Manton House, Bedford MK41 7FA. 

(0234)67466 

EF 68000 

Thomson 

Thomson CSF Components and Materials Ltd, 

Ringway House, Bell Road, Danes Hill, Basingstoke, Hants. 

(0256) 29155 ext. 232 

Z 8001/2/3/4 

Zilog 

Zilog (UK) Ltd, 

Babbage House, King Street, Maidenhead, Berks. 

(0623) 36131 
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Before dealing with the circuit itself, it “ 
will be as well to define humidity as -| 
such. What is known as the absolute 
humidity is the number of grammes of 
water per cubic metre of air at a certain 
temperature. The absolute or maximum 
relative humidity is exceeded when the 
atmosphere absorbs greater quantities of 
water, thereby becoming saturated or 
'damp'. How much water is absorbed 
depends on the ambient temperature of 
the atmosphere. To give an example, 
living room windows tend to 'steam up' 

humidity 

sensor 
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Somewhat surprisingly perhaps, 
de. Jting humidity by electronic 
means involves a great deal more 
than meets the eye. In fact, until 
recently, the few reliable devices 
that were available were too 
complex and therefore too 
expensive for widespread use. The 
German company, Valvo, recently 
released details of a capacitive 
humidity sensor that, inspite of 
what might be expected from 
unsophisticated circuitry and low 
cost, nas many advantages. It can 
be incorporated directly into an 
electrical measuring circuit, will 
serve a variety of purposes and is 
easier to operate, maintain and 
cal^ate than its mechanical 
counterparts. Not only will it 
detect humidity in the home, but 
also in greenhouses or tumble 
dryers. 


in winter time, as contact with the 
outside air makes them much colder in 
comparison with the room temperature. 
The amount of moisture in the air is 
expressed in terms of relative humidity. 
This is calculated by dividing the actual 
amount of water in the air by the 
maximum quantity at the same tempera¬ 
ture and then multiplying the result by 
100%. The relative humidity must be 
between 40 and 70% for plants, pets 
and persons to breathe comfortably and 
so it is important to maintain it at an 
optimum level. Excessive humidity will 
cause metals to rust and wood to rot. 

For the above reasons, the sensor is 
designed to respond to changes in the 
ambient relative humidity. Figure 1 
shows that the system consists of a 
perforated plastic case containing a 
stretched membrane of non-conducting 
foil, coated on both sides with gold. The 
membrane and coating form the 
dielectric and electrodes respectively of 
a parallel plate capacitor. As illustrated 
in the graph in figure 2 the capacitance 
C s is determined by the degree of 
ambient relative humidity H re |. This is 
because the layer of gold is thin enough 
to allow moisture to penetrate through 
to the dielectric, in other words, an 
increase in humidity will cause the 
capacitance to rise. 

The sensor is reliable within a 
10% . .. 90% humidity range. Outside 
these limits the sensor will have a 
nominal accuracy of only 5%. However, 
such levels should only occur in extreme 
cases. 

The measuring circuit 

Before dealing with the circuit diagram, 
the principle behind the operation must 
be considered. This is shown in figure 3. 
As can be seen, operation is based on 
the measurement of pulse width 
variations. The block diagram shows 
two synchronized multivibrators Ml 
and M2, which are connected to a 
trimmer capacitor Cj and to the 


Figure 1. The capacitive humidity sensor as 
designed by Valvo and its dimensions in mm. 


2 



Figure 2. The relationship between relative 
humidity H re | and sensor capacitance C s . 


3 



Figure 3. The block diagram of the measuring 
ci rcuit. 
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4 



Figure 4. How pulses are formed in the circuit 
of figure 3. The pulse width determines the 
degree of humidity H re |. 


humidity sensor of capacitance C s , 
respectively. The latter comprises a 
constant contribution C Q and a 
contribution AC dependent on H re |, in 
other words 
C s = C 0 + AC. 

Ml and M2 produces pulses, tl and t2 
in length, which are proportional to Cj 
and C s respectively (see figure 4). What 
happens is that Ml synchronizes M2, so 
that the pulse width difference t3 is 
equal to t2-t1. The length of the pulse 
width t3 therefore determines the degree 


of ambient humidity H re |. Thus, if t3 is 
fairly short, the atmosphere will only be 
slightly humid, whereas a lengthy t3 
would mean a high degree of humidity 
(as in a botanical garden, for instance). 

If Ml and M2 have equal proportional 
constants and Cj is equal to C 0 , t3 will 
be proportional to AC. If the pulse 
frequency is set at 1/T, where T = 2t x 
(figure 4) and all pulses have equal 
amplitude Ub, then the average output 
voltage will be: 

U 0 = (t3/T) U B = (AC/2 C 0 ) U B . 

The term t3/T is called the relative pulse 
width. Its temperature and voltage 
dependence are very small, provided: 

— the characteristics of both multivi¬ 
brators are identical (constructed for 
example from a single 4001); 

— C s and Ct have equal temperature 
coefficents. 

Output voltage U Q is directly related to 
the supply voltage which should there¬ 
fore be stabilized to obtain the best 
results. 

Practical circuit 

A design based upon two 4001 IC's is 
shown in figure 5. The circuit may be 
either battery or mains powered, 
depending upon its application. 
Multivibrators Ml and M2 are each 
formed by a pair of NOR gates in the 
first 4001. 10 kHz pulses produced by 
Ml and M2 are fed to the second 4001. 


This generates a pulsed-output voltage 
with an average value U 0 proportional 
to the pulse width difference. The four 
NOR gates of this 1C are connected 
in parallel to provide low output im¬ 
pedance. Any parasitic oscillations in 
the circuit will be suppressed by an RC 
network in the supply line (C5, C6, R3). 

Linearizing network 

Since the relation between C s and H re | 
is non-linear, the pulsed output signal 
U 0 is fed to a linearizing network. For 
clarity's sake this is shown separately in 
figure 6. Voltage pulses charge capacitor 
C7 by way of diode D1 and resistor PI. 
At the same time a discharge current in 
proportion to the voltage across the 
capacitor flows through resistors R4 and 
R5, and an additional current flows 
from the supply line via resistor R6. 
Thus, the output voltage U' 0 is a non¬ 
linear function U 0 and with suitable 
choice of C7,P1 and R4, R5, this 
function can be profiled to allow the 
relationship between H re | and U' 0 frs be 
substantially linear. 

With respect to the circuit in figure 5, 
the output voltage can vary between 
80 mV and 1 V. This can be used either 
to indicate or to control relative 
humidity (H re |). 

Tumble dryer control 

As we mentioned before, the humidity 
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Figure 6. The linearizing network used in 
figure 5. 


indicator may serve a variety of pur¬ 
poses. Let us therefore see what 
happens in the case of a tumble dryer. 

A tumble dryer operates by heating a 
damp load whilst tumbling it slowly in a 
rotating drum. The H re | at the air outlet 
provides a reasonable indication of how 
damp the load is. The measuring circuit 
described above can be made to control 
the dryer, switching it off as soon as the 
load has reached a certain (preset) level 
of dryness. 

The circuit operates by comparing U' 0 
with a constant voltage, in this instance 
a preset voltage that corresponds to the 
required level of H re | (in other words, 
the level indicating a dry load). 

The humidity sensor is situated in the 
air outlet of the dryer and an NTC 
thermistor is located in the drum. The 
thermistor is used to control the air 


7 
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Figure 7. What happens during the tumble dryer control operation. The relative humidity 
in the tumble dryer falls as the load dries. The curves here relate to a fully loaded standard 
dryer as used in the home. 



Photo 1. The humidity sensor as manufac 
tured by Philips. 


temperature within the drum. When this 
exceeds 60°C the heater will be 
switched off and when it drops below 
50°C the heater will be switched back 
on again. The on/off switch is door- 
operated so that drying starts the 
moment the door is closed and stops 
whenever it is opened. 

The relative humidity will obviously rise 
when a damp load is inserted. It must, 
however, be prevented from rising to 
such a extent that the dryer is activated. 
For this reason a delay circuit is 
included to hold U' 0 above the preset 
voltage for about 2 minutes after the 
door is closed. The dryer can then start 
and run for sufficient time for the 
humidity at the outlet to rise above the 
preset value, after which the humidity 
sensor will control the operation. 

Figure 7 shows how the relative 
humidity at the air outlet varies with 
time. It increases as soon as the motor 
starts, then gradually falls until the load 
reaches the required level of dryness and 
the dryer switches off. 

Source: Technical information 063, 
Valvo Ltd. H 


we haven't 
forgotten 
the TV 


games 
computer! 


In the 'Junior Cookbook' article, 
elsewhere in this issue, we mention the 
fact that our desks are being snowed 
under with letters requesting further 
extensions to the Junior Computer. 
The same applies to the TV Games 
Computer — admittedly, to a slightly 
lesser extent. 

'When will you publish a memory ex¬ 
tension board?', 'Please put some more 
games on tape!', 'Any hardware exten¬ 
sions will be welcome!', 'How do you 
get score displays on the screen?' . . . 
and so on. 

Rest assured, we haven't forgotten you! 
A memory extension board is in the 
final development stage, and we hope 
to publish it in June. An extensive 
'sound effects generator' will be in¬ 
cluded on the same board . 

More programs? We've got Ipads of 
them! Unfortunately, they often require 
more or less elaborate modifications, 
before they are suited for the ESS 
service. In this connection, please bear 
the following points in mind if you 
intend to send us programs: 

• Record the program at several levels, 
up to and even over the nominal 

100% mark. We often receive tapes that 
are recorded at —10 dB or even —20 dB, 
and it can take hours of fiddling before 
we can load them successfully. 

• All joysticks are different. If they are 
used in a program, a joystick cali¬ 
bration routine (like that described in 
an earlier article) is virtually a 'must'. 

• A full listing is important. If the 
program is perfect as it stands, well 

and good; but when modifications are 
required, it may go to the bottom of 
the pile until we have time to 'dis¬ 
assemble' the relevant sections. 

• Bear in mind that Elektor is an 
international magazine. Texts will 

often enhance a program, but they may 
need translation — although English, 
fortunately, is a very international 
language. Explanation where the text 
routines are and how to modify them 
saves us a lot of time. 

More information? We often receive 
requests for fuller explanation of score 
routines, collision detection, the 
monitor software, etc. To cater for this, 
we intend to publish a TV Games 
Computer book. Hopefully, we should 
be able to 'assemble' it within the next 
few months. M 
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logic analyser II 


logic analyses? II 


Last month, the basic principles 
of the logic analyser were 
explained with the aid of block 
diagrams. Now the moment has 
arrived to see what the actual 
circuit diagrams look like. Again, 
the unit has been split up into two 
sections: the logic analyser itself 
and the cursor circuit. This makes 
it easier to 'place' the various parts 
previously shown in the block, 
diagrams. 


Table 1 


Sampling rates 


SI 

S2 


a 

b 

a 

250 ns 

250 ns 

b 

500 ns 

500 ns 

c 

500 ns 

1 ms 

d 

2.5 /us 

5 ms 

e 

5 ms 

10 ms 

f 

25 ms 

50 ms 

9 

50 ms 

100 ms 

h 

250 ms 

500 m 

i 

500 m 

1 ms 

] 

2.5 ms 

5 ms 

k 

EXT 

EXT 


The logic analyser block diagram was 
by no means straightforward and so it 
is not surprising that it leads to a rather 
elaborate circuit diagram. For this 
reason, it is advisable to look up the 
previous article and have the block 
diagrams at hand, so as to see which 
components represent which block. 
Otherwise, the circuit diagram is bound 
to cause confusion. 

To start with, a few general remarks. 
The logic analyser consists of three main 
sections: the analyser, the cursor and of 
course the power supply. Wherever 
possible, LS TTL ICs have been used to 
limit current consumption. The printed 


circuit boards and the constructional 
details will be dealt with next month. 
The circuits are more than enough 
for now. 

The logic analyser circuit diagram 

For a change, we'll start in the middle 
of figure 1 (that is, the lower left- 
hand corner, to be precise) — at the 
heart of the logic analyser. This consists 
of the clock oscillator and the time base 
switch. With the given capacitor values, 
the voltage controlled oscillator IC9 
produces a frequency of 4 MHz. The 
oscillator's stability can be improved 
considerably by replacing capacitors C7 
and C8 by a 4 MHz crystal. With the aid 
of divide-by-two and divide-by-five 
stages (1C 12 ... 14a) different sampling 
rates are obtained from the oscillator 
frequency. The desired rate can be 
selected with switch SI. S2 enables the 
division ratios of the dividers to be 
changed, thereby extending the number 
of rates. The final position of SI (K) is 
connected to gate N12. An external 
clock can be connected to this. The 
position of S3 will then determine 
whether the circuit reacts to the positive 
or to the negative edge of the external 
signal. 

Table 1 lists the sampling rates for the 
different positions of SI and S2. Gates 
N20, N22 and N23 are used to switch 
from the selected sampling frequency to 
the fixed scan frequency, and vice versa. 
For this purpose one input of N20 is 
connected to the Q output of FF2 and 
one of N22's inputs is connected to the 
Q output. Thus, the state of FF2 will 
determine which signal is passed. 

What about the inputs? The eight data 
inputs are connected to the latch 
(IC1). This transfers the input data to 
the outputs, at the sampling rate deter¬ 
mined by SI and S2. The delay time 
that elapses between the sampling 
pulse and the data transfer can be preset 
with the monostable multivibrator 
MMV1. The delay switch SI 9 allows for 
two alternatives. When it is in position 
a, the delay will be fixed at 50 ns; when 


it is in position b, the delay can be 
adjusted between 150 and 500 ns by 
means of PI. The A input of MMV1 
is connected to the output of N22 
which produces the sampling frequency 
during data entry. In the display mode, 
N22 is blocked so that the latch will not 
receive any sampling pulses either. 

The memory consists of two 256 x 4 
bit RAMs, 2101A-2 (IC2 and IC3) 
which have to perform their utmost in 
this design. This is because the shortest 
sampling time is 250 ns which happens 
to be the shortest time that the RAMs 
can process. The data at the latch 
outputs is passed to the memory ICs, 
four lines leading to IC2 and another 
four to IC3. The addresses are provided 
by IC4 and IC5. Together they consti¬ 
tute the 8 bit counter A shown in the 
block diagram. This counter continually 
scans all the addresses in the memory, as 
its clock inputs receive the sampling or 
scan frequency from N23. 

Back to the trigger section. After passing 
the latch, the data is also applied to the 
word recognizer. This consists of :es 
N1 . . . N10 and switches S5...S14. 
The open collector outputs of the gates 
are all interconnected and are linked to 
the positive supply through R11. This 
means FF1 will only be provided with 
a trigger pulse when all gate outputs are 
logic 1. Two external trigger inputs are 
included via N1 and N2. One input of 
each of the remaining gates (N3 ... N10) 
is connected to one of ICI's outputs. 

The other input of every EXNOR is 
connected to +5 V via a 5k6 resistor and 
to the centre contact of a three-way 
switch. When the switch is on a, the 
input connected to it will be logic zero; 
logic one corresponds to the centre 
position, and in position b the two 
inputs of the gate will be linked. The 
three switch positions are labelled 'L', 
'H' and 'x' (both in the circuit and on 
the front panel). In position L, the 
output of the corresponding gat** vill 
only become high if that of the I a is 
low. Similarly, 'H' indicates that the 
output from the latch must be high; 
finally, in the 'x' (don't care) position 
the EXNOR output will always be logic 
one, regardless of the latch's state. The 
switches can therefore be used to 
preset an eight-bit pattern, or 'word'. As 
soon as this word appears at the outputs 
of the latch, FF1 will be triggered by 
the word recognizer. That is, assuming 
the two switches for the external trigger 
inputs are on 'x'. 

When FF1 is triggered, either by the 
word recognizer or by the 'manual 
trigger' key (SI 5), the analyser is 
switched to the 'display' mode. The 
reset key SI6 resets the flipflop and 
thusjhe analyser. LED D1, driven from 
the Q output, will light as soon as the 
analyser is triggered. 

The data outputs of the RAMs are 
connected to the inputs of the 8-to-1 
multiplexer IC6. Counter C (1C 14b) 
determines which input of the multi¬ 
plexer is connected through to the 
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Figure 1. The logic analyser circuit diagram does seem rather elaborate, but then it offers quite a few interesting facilities. 
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logic analyser II 


2 



Figure 2. The cursor circuit, a great help when reading data on the screen. 


output. The D/A converter shown in 
the block diagram is not immediately 
apparent in the circuit. In actual fact, 
it consists of R19 . . . R23. These 
resistors sum the data output from the 
multiplexer and the outputs of counter 
C, all in the correct proportion to 
obtain the analogue voltage required 
for the y input of the 'scope'. A further 
signal is also mixed in at this point (via 
Nil and R18) to produce a 'dotted line' 
between the logic 0 and logic 1 levels, 
as can be seen in the photos of the 
display. 

Counter B in the block diagram appears 
as IC7 and IC8 in the circuit. From the 


trigger signal and the preset of S4 it 
ascertains when the data entry into 
RAM is to stop. Furthermore, the 
counter ensures that the memory is 
read out again in the same (correct) 
manner. The 'trigger mode' switch S4 
sets the 'preset' inputs of the counter to 
0, 126 or 254, as explained last month. 
When counter B generates a carry pulse, 
FF2 is triggered; in turn, this flipflop 
switches the system from 'sampling' 
to 'scan' mode. 

To sum it up 

Having located all the sections, running 


briefly through a complete load and 
display cycle may help to clarify things. 
Initially, the desired sampling rate is set 
by SI; a 'trigger word' is programmed 
into S7 ... SI4 (S5 and S6 are set to 
'x'); S4 is set, say, to 'centre trigger'. 
Operating the reset key (SI 6) clears 
FF1 and FF2, and causes the preset 
(126 in this example) to be loaded into 
counter B (IC7 and IC8). The data now 
starts to appear 'byte-by-byte' at the 
memory inputs, via IC1; the memory 
ICs (IC2 and IC3) are set to 'write' 
mode and counter A (IC4, IC5) cycles 
continuously through the full address 
range, so that each incoming 'sample' 
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Figure 3. This pulse diagram gives a good idea of the way in which the pulse generator in the 
cursor works. 


is stored at the next higher address. 

If and when the incoming data is 
identical to the combination set up on 
S7 ... SI4, the word recognizer will 
trigger FF1. LED D1 now lights, and 
counter B (IC7, IC8) is enabled. This 
counter starts to count sampling pulses, 
starting from the preset number (126), 
until it reaches 255. Depending on the 
preset a further 1, 129 or 255 samples 
are required. It then gives a 'carry', 
toggling FF2. 

Simultaneously, MMV2 is triggered; 
this stops the clock oscillator (IC9) for 
a short period. The circuit is now in 
'display' mode: as soon as the clock is 
started again, the memory will be 
'read' at the fixed scan frequency 
(200 kHz). 

During the first scan, one of the data 
lines is selected by the multiplexer and 
is displayed on the screen. At the end 
of this scan (after 256 bits, in other 
words), counter B again produces a 
carry pulse. As before, this stops the 
'clopk/, counter C (IC14b) is incremen- 
tecf > select the next data line, the 
clock is re-started and the 'scope re¬ 
ceives the next trigger pulse. 

From the above it will be clear that the 
eight traces are not displayed simul¬ 
taneously on the screen — how could 
they, on a single-channel 'scope'? 
However, they are 'multiplexed'at such 
a high rate (less than 10 milliseconds 
for a complete 8-channel display) that 
they all 'appear' at the same time. 

So much for figure 1. The handful of 
components in the lower right-hand 
corner (N17, N21, FF4, etc.) will not 
be dealt with here. They are part of an 
extension circuit that converts the logic 
analyser into a 'storage oscilloscope 
front-end'. Hold your horses! We'll get 
to that in two or three months. 


Th^ursor 

The .rsor circuit is shown in figure 2. 
The wire links that connect it to the 
main circuit in figure 1 are labelled 
AO . . . A7, 10 . . . 17 and B. In the 
block diagram these correspond to the 
connections to RAM, counter A and 
FF2. 

The two displays LD1 and LD2 are 
controlled by IC23 and IC24. These 
binary-to-seven segment converters con¬ 
vert 8-bit data into two hexadecimal 
numbers. Each converter is connected 
to four data lines in memory. The 
common cathodes of the two displays 
are switched by T2. The base of this 
transistor is connected to the Q output 
of FF2. As a result, the displays only 
light if data is being written onto the 
screen. 

The idea behind the cursor is that an 
address can be selected; the data at this 
address must appear in the displays, 
with some position indication on the 
screen. 

The circuit that recognizes the preset 
address is very similar to the word 


recognizer circuit. Gates N24 . . . N31 
compare the contents of counter A 
(IC4 and IC5) to the contents of coun¬ 
ter D (IC25 and IC26). When they are 
identical, the output of the comparator 
circuit will become logic one. Via N14, 
this causes the display decoders to read 
the data. FF3 switches at every pulse 
generated by the comparator circuit: 
once for each complete memory scan. 
This multiplexes the displays. 

The output of N14- can be connected 
to the Z modulation input of the os¬ 
cilloscope. As a result, eight brighter 
dots appear on the screen in a vertical 
line, one on each scan. These dots 
indicate the position of the data being 
displayed as two hexadecimal digits. 

The contents of counter D, which 
determine the position of the dots on 
the screen and the data on the displays, 
can be preset with pushbuttons SI 7 
and SI 8. They operate the 'cursor 
control' which produces the clock 
pulses and the up/down signal for 
counters IC25 and IC26. When SI 7 (up) 
is depressed the up/down signal be¬ 
comes logic zero; the counter will now 
count the pulses that appear at its 
clock input. If, on the other hand, SI8 
is operated (down), the up/down 
signal becomes logic one and the coun¬ 
ter will count down. 

The up/down pulse generator may look 
a little complicated but this does 
provide some interesting facilities. If 
either SI7 or SI8 is depressed for less 
than 0.5 seconds, only one pulse will be 
sent to the counter and the cursor will 
only shift one position. If, however, one 
of the two switches is held down for 
longer, a 25 Hz frequency will start to 
appear at the output of N19 and the 
cursor then moves left or right across 
the screen at a much higher speed. This 
is achieved as follows. When a key is 
operated, the output of the oscillator 
around N16 immediately becomes logic 
zero. At the same time, MMV3 is 
activated to make its Q output '0' as 
well. The R40/C12 combination briefly 


delays N15 from reacting to the 'O'. 
Consequently, N19 passes N16's logic 
zero to the counter. After this short 
interval, the output of N15 becomes 
logic one and the oscillator signal is 
therefore blocked by N19. When the 
MMV time (0.5 seconds) has elapsed, 
the output of N15 becomes low again 
and the oscillator frequency of 25 Hz 
is passed to the counters. Figure 3 
should help to clarify this. 

Z modulation can take place in various 
ways. If the oscilloscope has a suitable 
connection, the corresponding output 
can be connected to it. In some cases 
this may require an inverter, depending 
on the type of oscilloscope used. If, 
however, the oscilloscope does not have 
a Z modulation input, the cursor can be 
made visible by including resistor R36 
in the circuit. The cursor will then be 
represented on the screen as a slight 
dent on every line. 


The power supply 

The Junior Computer's supply (Elektor, 
May 1980, p. 5-11) turned out to suit 
the circuit perfectly, so there was no 
need to design a new version. The logic 
analyser only requires the +5 V section, 
but the +12 V and —5 V supplies will be 
used for the 'storage scope' extension 
board we mentioned earlier. 


In the next episode . . . 

Obviously, not everything in the logic 
analyser circuit diagram could be 
discussed in full detail. Nevertheless, 
we hope the circuit's operation will now 
be clearly understood. In the next 
issue, the final episode of the logic 
analyser saga will include constructional 
details, printed circuit boards and a 
front panel design. 

After that, we will come to the 'storage 
oscilloscope'. H 
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crystal-controlled stroboscope 


Why it is so essential for a turnable 
to have the correct speed? Well, for the 
simple reason that the slightest devi¬ 
ation will affect all the frequencies and 
tempi on the record. In other words, 
the pitch may change. This can, of 
course, lead to various interesting 
'special' effects, but it is hardly 'high- 
fidelity'! 

The above can be avoided by using a 
crystal-controlled stroboscope. This can 
be used to calibrate the turntable speed 
if some means of motor speed adjust¬ 
ment is provided. This type of record 
player is often equipped with a separate 
stroboscope disc (see figure 1) that can 
be placed on the turntable. When this is 


very constant over a short period of 
time (only long-term accuracy is re¬ 
quired to keep clocks and the like 
running on time). In the second place, 
the image which appears on the strobo¬ 
scope disc is often rather blurred. This 
is because the stroboscope lamp is 
supplied with a sine wave derived from 
the mains, which causes a fairly slow 
transition to take place from light to 
dark, and vice versa. This effect is 
aggravated by the length of time it takes 
the light bulb to light up and then fade. 
It means the brightness is fairly evenly 
distributed throughout the period that 
the bulb is lit, so that no peak intensity 
will be reached. As a result, the image 


crystal - controlled 
stroboscope 


Gramophone records are supposed 
to be played at exactly 33 ^3,45 
or 78 RPM, as the case may be. 
Nowadays it is usual for record 
player manufacturers to leave 
the final calibration of their 
product to the user, by providing 
a 'fine speed control'. However, 
this means that the user needs 
some clear indication of the 
turntable speed and common 
practice is to include a 
stroboscope with a speed 
calibration disc. This is very cheap 
and extremely accurate — provided 
the stroboscope is running at the 
correct frequency! Normally the 
mains frequency is used, but this 
is not as reliable as one might 
expect. A crystal-controlled 
stroboscope is a far more accurate 
solution. 


illuminated by a (mains driven) light 
bulb, a correct speed adjustment will 
produce a stationary image. Alterna¬ 
tively, the stroboscope may be situated 
on the rim of the turntable (figure 2). 
It is then lit by a small built-in lamp 
which is connected to the mains. 
Unfortunately, mains powered strobo¬ 
scopes suffer from a couple of disadvan¬ 
tages. First, the mains frequency is not 


on the disc is bound to become 'fuzzy'. 
Better results can be obtained with a 
neon bulb, although the mains fre¬ 
quency will of course still be inaccurate. 
Even better is to use a crystal-controlled 
stroboscope. Having a crystal act as a 
reference source enables the speed to be 
adjusted with maximum precision. 

In this circuit the disc is illuminated by 
three red LEDs. These have an ad- 



Figure 1. A full-size stroboscope disc used to adjust 33 V 3 , 45 and 78 RPM on record players. 
The 50 Hz indicated refers to the mains frequency for which the disc was designed. 
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vantage over normal light bulbs, in that 
they light up and extinguish very 
quickly, creating a clearly outlined 
image. The effect is heightened by 
powering the LEDs from a square 
wave voltage with an amplitude in the 
9 . . . 12 volt range. The crystal strobo¬ 
scope will then produce a symmetrical 
'square wave' light output, in other 
words, it has a clearly defined light-to- 
dark ratio. 


Stroboscope discs are normally designed 
for an illumination frequency of 100 
Hz. This may sound surprising, as the 
frequency of the mains voltage is 
50 Hz. Nevertheless, a lamp (or neon 
lamp) lights up every half period, so 
that the illumination frequency will be 
double the mains frequency (100 Hz). 

The circuit diagram 

The crystal stroboscope (see figure 3) 


is fairly straightforward, as can be seen 
from the circuit diagram. IC1 contains 
an oscillator and a 2 14 divider. Provided 
the oscillator loop is correctly calibrated 
with Cl, the output (Q i4 ) will produce 
a 200 Hz square wave (3.2768 MHz -r 
2 14 = 200 Hz). The square wave voltage 
is divided by 2 by IC2 and the 100 Hz 
frequency, required to switch the LEDs 
on and off, will appear at the base of 
T1. 

Resistor R3 has a low value to allow 
plenty of current to pass through the 
LEDs and so provide sufficient light. 
Since the device only consumes about 
25 mA, it can be battery-powered. 


Calibration 

A precise frequency meter — perhaps 
you can borrow one? — is an absolute 
must where calibrating the stroboscope 
is concerned, as it needs a 6-digit display 
at least. The frequency meter is con¬ 
nected to testing point TP (pin 7 of 
IC1). Trimmer Cl is then used to adjust 
the frequency to exactly 204,800 Hz. If 
a frequency meter is not available. Cl 
can either be placed in the middle 
position or be replaced by a fixed 12 pF 
capacitor. The frequency deviation will 
then be not more than 0.01%. 


Construction 

Once the circuit has been built (on 
Veroboard, for instance) and calibrated, 
it can be inserted into an (old) torch. 
There will often be enough room for a 
9 V 'power-pack' battery as well. The 
switch on the outside of the torch can 
then act as SI. The three LEDs are 
mounted very close together in the 
torch bulb's place. If your record player 
already has a stroboscope (either a 
bulb or a neon lamp), this can be 
replaced by the crystal-controlled 
version. 

It should be noted that the speed must 
be adjusted while a record is playing. 
Place the record on the turntable first 
and the disc on top of it. The disc's 
diameter may not exceed that of the 
record label, as otherwise the running- 
out groove will be covered. M 
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Figure 3. This crystal-controlled stroboscope makes it possible to adjust the speed of a record 
player with great precision. The LEDs, supplied with a square wave voltage, produce a better, 
clearer image than any light bulb or neon lamp would; furthermore, the mains frequency is not 
as accurate. 
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junior cookbook 


With thanks to H.P. Diehl and 
H.D. De Mulder 


Far be it from us to let anyone starve, 
so here are a few hints, alternatives and 
other useful "brain food" to keep you 
and your computer going until the main 
course, Book Two, arrives. 

Menu 1: Decimal arithmetic 

As you will remember from Book 1, 
subtractions and additions may be 
carried out both in binary and in 
decimal. Whenever instruction SED (F8) 
for decimal appears in the program, 
problems will arise if the computer 
jumps back to the monitor (IC00) via a 
BRK at the end of the program or when 
operating in single-step mode. What 


increment it as often as necessary by 
depressing the + key function (key C!). . 
Like going from London to Liverpool 
via Newcastle. 

But how can this happen? During the 
monitor subroutine GETKEY the key 
value is determined by adding 07 
nought times, once or twice to a basic 
value. Everything works out fine 
provided this takes place in binary, but 
when the computer tries to do it in 
decimal the key codes get mixed up. 

One solution to the problem is to make 
sure that the SAVE routine of the 
monitor contains the instruction CLD 
(opcode D8), like the RESET routine. 


junior cookbook 

a few healthy recipes to keep your computer in shape 


Our Elektor staff desks are 
covered in piles of letters, the 
telephone never stops ringing and 
even telexes are streaming in by 
the dozen. If this carries on, the 
offices will have to be 
evacuated .. . And all because of 
the Junior Computer! Book One 
whetted people's appetites to such 
an extent that they just cannot 
wait for Book Two; they are 
craving to try out more Junior 
recipes . . . NOW! 


happens is that if you attempt to return 
to the monitor when the D flag is 1, 
keys F, +, AD, DA, PC and GO will have 
become ineffective; the key functions 
A . . . F will be lost. 

The key function AD will be taken over 
by key A, B has become DA, C is now 
the + function, D is GO and E will 
assume PC's function. In other words, 
the numeric key functions A . . . F are 
no longer available. Addresses contain¬ 
ing A ... F cannot be entered directly, 
but only by means of a slight detour. 
The solution is to type in the nearest 
lower address below the one required 
that uses decimals 0 ... 9 only, and 


This will do no harm to the program, 
as the D=1 situation is kept in the 
saved P register (00F1) and it will be 
restored upon the computer's return 

from the monitor (section GOEXEC). 
This will mean changing the EPROM as 
follows: 

1 Cl A 4C32 1C JMP-START 

1C31 78 SEI 

1C32 D8 CLD D=0 START (tempo¬ 

rary) binary arithmetic 

As a result, the central START section 
of the monitor will now begin with CLD. 
After SAVE the machine will 'convert' 
back to binary and all keys will retain 
their normal functions. By the way. 



N5,N6 = y 2 IC10= y 2 7401/74LS01 



N5 . . . NS = IC10 = 7401/74LS01 


©--— 
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Figure 1. The hardware necessary to hold up the step-by-step procedure whenever the computer 
is either in the monitor (la) or inside one of the two memory ranges activated by the two chip 
select signals, K4 or K7/K6 respectively (1b). 
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there are no plans to start supplying 
modified EPROMS, as there are several 
other alternative solutions to the 
problem. 

It might be useful at this stage to look 
at an example of decimal arithmetic. 
For this we will use the adapted ad¬ 
dition program given on page 68 in 
Book 1: 

0100 18 CLC 
0101 A9 13 LDA #13 
0103 F8 SED D=1 decimal arith¬ 
metic 

0104 69 08 ADC 08 

0106 D8 CLD D=0 binary arithmetic 
0107 00 BRK 

1A7E 00 IRQ vector points to monitor 

1A7F 1C 

Once the start address has been entered 
and GO has been depressed, the 
program is run; it leads to a jump to the 
monitor. The keys may now be used as 
normal, as after the addition the 
computer went back to binary. Typing 
in address 00F3 will give the result of 
the addition (21). 

AlOjiatively: 


oi m is 

0101 A9 13 
0103 F8 
0104 69 08 
0106 00 
1A7E 00 
1A7F 1A 
1A00 D8 
1A01 4C 00 1C 


CLC 

LDA #13 

SED D=1 decimal arithmetic 

ADC 08 

BRK 

IRQ vector points to 1A00 

CLD D=0 binary arithmetic 

JMP-SAVE jump to monitor 


At the end of the program the BRK 
will bring the computer to 1A00 by way 
of the IRQ jump vector. After going 
back to binary it will jump to the 
monitor. If the program is to be run in 
one go, the method we have just 
described is not so suitable; if it is 
stepped through, however, from 0103, 
this is in fact the only feasible method. 
With reference to the latter (step 
mode), a few aspects have to be con¬ 
sidered. The hardware will have to be 
modified, for instance. This is because 
it is prohibited to step through the 
mcj)r. The monitor's task involves 
executing a large number of instructions 
in a continuous cycle (display multi¬ 
plexing, waiting for a key to be 
depressed, etc.). This explains gate N5 
in the circuit diagram on page 14/15 in 
Book 1. Provided signal K7 is high 
(EPROM is not addressed) an NMI will 
occur after every SYNC pulse (gener¬ 
ated during the op-code phase of an 
instruction). Once the current instruc¬ 
tion has been processed, this will cause 
the computer to jump to the monitor 
(provided the NMI jump vector is 
pointing to 1C00). If, on the other hand, 
K7 is low (monitor is addressed), no 
NMI will occur. 

The forthcoming expansion possibilities 
include a printer monitor comprising 
the address range 1000 .. . 13FF. This 
is selected by K4. The printer monitor 
may not be stepped through either; in 
other words, the circuit around N5 will 
have to be expanded. The details are 
given in figure 1b. Now there are two 
ways in which to block an NMI via 
SYNC. Either K4 or K7 will be used for 
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Figure 2. The 'automatic alarm clock', formed by the addition of three components, to wake 
up the Junior Computer when it is to be started automatically (RESET) after being switched 
on. 
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STOP/NMI key. The NMI jump vector 
(1A7A and 1A7B) is now pointed at 
address 1A00, where the following 
program is located: 

MIN 1A0O 48 PHA save accumulator on stack 

1A01 A5 FA LDAZ-POINTL fetch low order address byte 
1AQ3 DO 02 BNE ADL on to ADL if A#00008000 

1A05 C6 FB DECZ-POINTH decrement POINTH by 1 

ADL 1A<37 C6 FA DECZ-POINTL decrement POINTL by 1 

1 AQ9 68 PLA restore A to original value 

1 A(JA 4(3 RTI return to monitor 



81119 -3b 


Thus, depressing the STOP/NMI key 
during the monitor allows the address in 
the display to be decremented by one. 
It is now also possible to enter data via 
the DA key in the reverse order, that is 
to say, per decremented address, as the 
minus key, like the plus key, operates 
irrespective of whether the machine is in 
the data or in the address mode. 


Figure 3. When the positive end of C2 is 
moved to another place on the board, 
switching the display on and off will not 
cause the memory contents to be lost. 


one signal and K6 for the other. (Figure 
1b itself will be dealt with later). The 
point is here that by connecting K6 a 
program in page 1A cannot be stepped 
through either. The decimal addition 
program mentioned previously can now 
be stepped through. 


Menu 3: Automatic start 

Depress the RST key as soon as the 
Junior Computer is switched on and the 
monitor will be ready for use. Using the 
circuit designed by Mr. H. Diehl which 
is shown in figure 2, the RST does not 
need to be depressed, because the 
computer is reset automatically. It does 
mean adding another three components 
to the main board, but these should be 
able to be squeezed in near the RST key. 


Menu 2: Add a minus key 

It is common knowledge that the 
address to be displayed during the 
monitor routine can be incremented by 
one by depressing the plus key. This can 
be done as often as is required. When 
checking a program, the user may well 
like to know what the previous address 
contained. 

On such occasions it would be an 
advantage to have a minus key function. 
This can be achieved by using the 


Menu 4: Display switch 

The display switch (S25 in the main 
circuit diagram on pages 14/15 in 
Bookl) enables the display to be 
switched off. If, for instance, you've 
been having a 'computer session' until 
past midnight and you'd like to call it a 
day, but wish to continue on the 
following evening without having to 
type in all the data again, the Junior 
Computer may be left on, but the 
display must be switched off. Leaving 
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Figure 4. A useful table showing the full 128 segment pattern possibilities. 


the display 'on' might have a detrimen¬ 
tal effect on its lifespan. When ready for 
another session, the display is switched 
on again. (Obviously, this will all be 
superfluous, once the cassette interface 
can be connected and all the data can be 
stored on tape). 

It rarely happens, but something could 
go wrong when the display is switched 
on again. Capacitor C2 (figure 3a) must 
then be recharged to top supply level. 
Closing S25 can in some cases lead to a 
considerable spike on the +5 V supply 
lines. As a result, the RAM memory 
contents, so carefully preserved until 
then, may be lost. Then everything will 
depend on your memory whether the 
damage can be undone! 

This headache can be remedied by 
connecting the positive end of C2 to the 
other side of S25. C2 is shown on the 
board next to the S25 connections. 

Menu 5: Another Junior text dish 

In response to the Text display on the 
Junior Computer' article published last 
month in Elektor, Mr. H. De Mulder has 
kindly sent us a useful table (see figure 
4). This presents the full 128 different 
possible combinations of segment 
patterns. Patterns in the same row have 


an identical most significant nibble (H) 
and patterns in the same column all 
have an identical least significant nibble 
(L). What it comes down to is that the 
bit corresponding to a segment that is lit 
must be zero 

Menu 6: A few constructive 
recipes 

To start with, let's look at the pin 
assignments of the ICs belonging to the 
main board (top view) and to the seven 
segment displays, as shown in figure 5. 
The pin assignments of the expansion 
connector and the port connector were 
already dealt with in Appendix 4 of 
Booki. They are useful aids to have 
when servicing the computer or when 
tracking down errors. 

Several thousand Junior Computers 
have been built by now, both in the UK 
and abroad, and so far remarkably few 
problems have come to light. This does 
not mean, however, that the Junior 
Computer is fool-proof, as the following 
description plus photographs illustrates. 

The mind boggles . . . 

Does anything in these photographs 
strike you as odd? Is it a U.F.O. 


perhaps? Take another swig, readjust 
your glasses and look again. Surely 
not.. . ???!! Yes, right second time. It's 
a slightly unusual Junior Computer 
power supply, seen from a W snt' 
angle. It was sent to our editorial staff 
for 'repair' by a reader who invested a 
fair amount of artistic ingenuity and 
good faith into its construction. The 
work of art which is currently on show 
at the Museum of Modern Art, 
New York, will not work for some 
reason. However, it is full of surprises: 

• The unconventially placed heat sink 
is a real treat (or threat?) to the eye. 

Being rather ebullient in nature, it was 
deemed necessary to 'pin' it down lest it 
should escape — heat tending to rise. 
The nails chosen for the purpose are 
highly effective, as they are 10 cm long 
and V 2 cm in diameter. This however did 
not satisfy the artist who thought 
'better safe than sorry' and soldered 
them to the board. As a result, the heat 
sink now maternally screens the voltage 
stabiliser 1C, LM 309, from all outside 
influence. 

• IC1 (79L12) unhappily tried to take 
his (78L12) brother's rightful place 

on the board. For this heinous offence 
he was executed on the spot. 











































22 □ A9 

21 □ V BB 5V 

20 3 CS/WE/-S 

is □ v D0 (+)l2V 

18 □ PROGRAM 


NB: Pin 18 is grounded 
internally by way of 
a pull-down resistor 



• As can be seen, the dark capacitor 
family is very close and has such high 
aspirations that it now hovers some 
10 mm above the board. 

Seriously though, we all make mistakes 
at sometime or another. . . Regrettably, 
refusing to ask for advice means 
components have to die an untimely 
(and expensive!) death. This can be 
avoided by ringing up Technical 
Queries'. Why muddle through and let 
yourselves in for unpleasant and often 
explosive shocks? 

If in doubt, give a shout! 

Our editorial staff will be pleased to 
assist you with your projects at all 
times. M 
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NB: Pin 4 is not used; 

pin 3,5 and 10 are not included, 
pin 11: N.C. 


Figure 5. The pinning (top view) of all the ICs used on the Junior Computer's main and display 
boards. 


Earlier articles: 

1. The Junior Computer; May 1980, 
p. 5-08. Introducing the computer. 

2. 8K RAM +4,8 or 16K EPROM on a 
single card; E/ektor September 1980, 
p. 9-04. Universal memory expansion. 

3. Elektor pP's; Elektor May 1980, 
p. 5-04. The various microcomputer 
systems published in Elektor. 

4. The Junior Computer memory card; 
Elektor, October 1980, p. 10-22. 

How to connect the card to the 
Junior Computer. 

5. The Junior Computer Book 1, the 
practical introduction to a powerful 
system; Elektor Publishers Ltd. 

ISBN 0 905705 05x. Copyright 
1980. 

6. Junior's growing up; Elektor, 
February 1981, p. 2-16. The short 
and long-term outlook. 

7. Text display on the Junior Computer; 
Elektor March 1981, p. 3-36. 

A seven-segment alphabet enables 
written texts to be displayed. 
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Computer extension boards 
Junior is growing up, so he needs 
more memory. He will also be 
provided with a cassette and a 
printer interface, plus the associ¬ 
ated software. 

The TV games computer could 
also do with more RAM, and this 
will be taken care of in the near 
future. 


☆ 


Junior Computer Book 2 

It's on the way — details will be 
announced shortly. Editing, as¬ 
sembling and the monitor routines 
are all dealt with in detail. 


it 

Speech synthesis 

In theory and practice. It has 
always been a challenge to make a 
computer talk — and now it is be¬ 
coming feasible, at a reasonable 
cost. 


* 


And more ... 

— camping c(l)ock 

— square/sinewave generator 

— storage 'scope 

— scrambler 

— measure miles on the map 

& 



Mini audible alarm 

A sub-miniature 1C Electronic Buzzer type 
MMB-01 is now available from STAR. 

High efficiency is obtained in this small¬ 
sized buzzer through the use of a custom 1C. 
As all circuitry is solid state, the MMB's sim¬ 
plicity of design provides high reliability not 
found in conventional 'make and break' type 
alarms. There are no mechanical points to arc 
or which require maintenance, and R.F. noise 
is nonexistent. 



Possibly the smallest electronic buzzer in the 
world, it measures 18x14x11 mm and 
weighs 5grams. It operates from a 1.1-2.0 volt 
DC supply. Sound output is 70 dB at 20 cm 
and current consumption is 15 mA maximum 
making it suitable for use on portable and 
battery-operated equipment where a reliable 
audible warning is needed. 

STAR Manufacturing Company Ltd., 

Wat mar House, Room 313, 

296 Regent Street, 

London W1. 

Telephone: 01 - 6370555 

(1922 M) 


Sub-miniature toggle switches 

P. Caro and Associates of Birmingham can 
now offer from stock a new range of 
advanced sub-miniature switches which are 
designed for direct PC mounting. Called the 
UT series, the switches are all three position 
and can be provided in single or double-pole 
double-throw versions with straight or right 
angled terminals. 


All terminals have standardised 2.54 mm 



centres and the switches have integral stand¬ 
off spacers for maximum stability and 
versatility for cleansing etc. Contacts have a 
minimum of 1.3 microns gold plating over 
3 microns nickel. Switches have a total 
projection above the PC mounting base 
of only 20.5 mm with body sizes of 
5.5 mm x 8 mm and 9.5 mm x 8 mm for the 
single pole and double version respectively. 
This degree of miniaturisation facilitates a 
much closer stacking of PC boards as well as 
permitting maximum density mounting of the 
switches themselves. 

P. Caro & Associates L td, 

2347 Coventry Road, 

Sheldon, 

Birmingham B26 3LS, 

Telephone: 021-742 1328. 

(1931 M) 


Portable scanner 

The CWS100 battery powered wire finer 
from OK Machine & Tool (UK) Ltd. greatly 
simplifies .the task of identifying wire ends 
when assembling cable harnesses and 
eliminates errors. One end of the cable, wired 
in the normal way, is plugged into the scanner 
and the free ends are then ready for identifi¬ 
cation. This is achieved by a high impedance 
connection made through the operator's body 
by a 'finger ring' attachment. The operator is 
then able to search for the required wire by 
touching each end. 

An automatic sequential step allows the user 
to identify all wires in a bunch until the 
correct one is found, and numbers are 
indicated on a liquid crystal display. 



In addition, the unit can be used to test an 
assembled unit by using low impedance which 
is not influenced by body contact. 

OK Machine & Tool (UK) Ltd, 

Dutton Lane, 

Eastleigh, 

Hants S05 4AA, 

Telephone: 0703 610944 

(1933 M) 
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Low cost elapsed time indicators 

Frepar Electronics have been appointed U.K. 
distributors for a range of elapsed time 
indicators, manufactured by one of the 
foremost Swiss Instrument companies. 
Designated the CH-6, their small size and low 
cost make them ideal for use in applications 


GPIB Analyser 

Model 4881 GPIB Analyser announced by 
WASEC is an invaluable accessory for all 
personal computers which use the IEEE 488 
bus for peripheral interconnection. With 
Talker, Listener and Controller capabilities 
the model 4881 facilitates development, 
investigation and troubleshooting of systems 
incorporating GPIB compatible processors 
such as the ABC80, Apple,. Commodore PET, 
Hewlett Packard HP85 and Research Machines 
380Z. 

16 LEDs monitor the GPIB signals with 
individual switch control over each line. Using 
the Single Step Listener facility the model 
4881 can display system activity allowing the 
user to check through each Bus transaction 
on^>a time. Alternatively, as a Talker, the 
Anv ,er can output switch selected data 
bytes to a Listener either in a continuous or a 
Single Step mode. 

As a Controller model 4881 can send Bus 
Commands and control the Bus management 
signals ATN, EOI,SRQ, REN and IFC. This 
permits complete tests to be made on Bus 
Systems at a simple level prior to attempting 
to run complex Bus programs. 


(1925 M) 


Model 4881 is fully portable, self contained 
and is powered from any 240 V. 50 Hz supply. 
A top-of-panel GPIB connector facilitates 
easy CRO monitoring of Bus signals and a 
simple adapter affords connection to the 
IEC 625.1 Instrumentation Bus. 

Sales Department, 

WASEC, 

45 Hurstcourt Road, 

Sutton, 

Surrey SM1 3JF, 

Telephone: 01 669 2423 


where it is necessary to know the total 
running hours of equipment ^Bailers, 
Machinery etc)* and will also provide accurate 
measurement of intervals between servicing. 
Voltage ranges are 6-440 V a.c., and 6-487 V 
d.c., with a choice of mounting plates if 
required. A spring retaining clip eliminates the 
need for fixing screws. 

Military style and plug-in versions are 
available, the CH-6 is suitable for 36 mm 
standard DIN rail fixing. 

Available from stock at Witham; cost, one off 
£ 8.55 attractive discounts for quantity. 

Roger Hasler, 

Frepar Electronics Ltd, 

119, New land Street, 

Witham, 

Essex CM8 1 BE 

(1932 M) 


New servo amplifier 1C 

To meet the strong market demand for a low 
cost servo-amplifier suitable for use in general 
industrial applications, Ferranti Electronics 
Limited has developed and is now offering the 
ZN409CE, a servo-amplifier device in a 
19.3 mm (standard length) dual in-lihe pack¬ 
age. 

This use of standard packaging has enabled 
the Company to market the new product at a 
pricing level which is some twenty five per 
cent below that of the popular and well 
established ZN419CE servo-amplifier, which 
in its shorter length package (17.78 mm) was 
specifically designed for use in areas where 
available space was limited. 

Both the ZN409CE and ZN419CE have the 
same specifications, either being ideal for 
inclusion in a variety of pulsewidth position 
control applications ranging from model 
control to industrial equipment control. The 
two devices are also well suited for use in 
motor speed control circuits. 

Ferranti Electronics Ltd., 

Fields New Road, 

Chadderton, Oldham, 

Lancs OL9 8NP. 

Telephone: 061-6240515 

(1924 M) 








4-34 — elektor april 1981 


market 



Colourful cabinets 

A new lightweight series of 19" instrument 
cabinets, called the E2000 range, is being 
launched by Optima Enclosures Ltd. 

Built almost entirely from aluminium, the 
E2000 is available in 2, 3, 4 and 5U heights 
and 430 and 522 mm panel-to-panel depths, 
incorporating square hole panel mounting 
brackets. Interior dimensions are thus ident¬ 
ical to corresponding size of existing Optima 
19” cabinets for heavy duty applications, but 
the E2000 offers considerable savings in 
weight and price to make it particularly 
interesting for mass produced instruments, 
modems, etc. 



One added attraction of the E2000 is that 
apart from its bold modem styling, it can be 
supplied in any single or two-colour variation 
from the Optima range of 12 standard colours. 
Duncan Smith, Marketing Manager, 

Optima Enclosures Ltd., 

Mac merry, Tranent, 

East Lothian EH33 1EX. 

Telephone: 0875 610747 

( 1 923 M) 


Ultra low power DPM 

This new LCD meter is claimed to be the first 
of a new generation of DPMs, giving at least 
ten times the battery life of any existing type. 
A PP3 battery will power the meter for 
typically two years, if operated for eight 
hours a day, seven days a week. 

LCD watch manufacturing techniques are 
used to reduce the depth to a minimum, the 
meter being fitted into a DIN bezel of 
72 mm x 36 mm. The 0.6” (15 mm) digits 
can be read at distances of up to ten metres, 
and the display contains many other useful 
annunciators. The totally flush face makes it 
easy to screen print any other logo or 
engineering unit onto the display. 

Other standard features include a Digital 
Hold facility. Auto-zero, Auto-polarity, 
External bandgap reference for maximum 
stability, single-rail supply of 5 -15 V d.c. 
drawing 200 juA, programmable decimal 
points and a 200 mV full scale deflection. The 
DPM can be used in single ended, differential 
or ratiometric modes, and may also be used in 
oplications such as temperature measure¬ 



mounted directly above the Nascom. 
Supermum is supplied in kit form complete 
with edge connectors for £ 85 plus VAT. 
(post and packing £ 2.50 plus VAT extra). 
Gemini Microcomputers Ltd, 

Oak field Corner, 

Sycamore Road, 

Amersham, Bucks. 

Telephone: 02403 22307. 

(1926 M) 


ment or weighting systems, where a variable 
offset or tare is required. Display backlighting 
is a customer option. The meter is supplied 
with brackets for front or rear panel 
mounting. 

Lascar Electronics Limited, 

Unit 1, Thomasin Road, 

Burnt Mills, Basildon, 

Essex SSI3 1LH, 

Telephone: Basildon (0268) 727383 

(1934 M) 


A Supermum for iMascom 1 

A low cost multi-purpose motherboard that 
turns the basic Nascom-1 into a sophisticated 
and extensively supported microcomputer 
system, is available from Gemini Micro¬ 
computers of Amersham, Bucks. 
Appropriately named 'Supermum' the 
composite board contains a five-slot mother¬ 
board, a 5 A power supply and a buffer board 
which interfaces the Nascom-1 to the 
five-card bus. The buffer section also includes 
a reset jump facility — a feature not normally 
found on expanded Nascom-1 systems. 

The power supply, fed from a separate 
transformer, is more than sufficient for the 
Nascom-1, the Supermum itself and up to 
five Nasbus expansion boards. It provides: 

+5 V at.5 A 
+12 Vat 1 A 
-5 V at 1 A 
-12 Vat 100 mA 

As a 12” x 8” piggy back board, Supermum 
has fixing holes in line with those on a 
Nascom-1. By using spacers the board can be 


Hobby kits 

OK Machine & Tool (UK) Ltd's new Hobby 
Products Division is now offering a range of 
silicon chip based hobby kits, on a mail order 
or credit card 'phone-in basis for between 
£ 3.99 and £ 8.60. Anyone aged 12 and over 



can assemble one of these kits by following 
the very comprehensive instructions. The five 
initial kits are quick reaction, electronic dice, 
digital roulette, morse code and electronic 
organ, all of which can be assembled and 
repacked in their original plastic packs. 

OK Machine & Tool (UK) Ltd, 

Dutton Lane, 

Eastleigh, 

Hants SOS 4 A A, 

Telephone: 0703 610944 

(1928 M) 
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The attainment of high screening levels has 
been achieved through the use of an external 
collet which locks over the mating socket 
body (hence the designation Collet Lock 
BNC). This collet replaces the normal BNC 
bayonet coupling ring. Tightening the 
coupling sleeve locks the collet, and achieves a 
high force, low resistance contact which 
functions independently of the normal BNC 
screen contact. 

Variants of the design are available both for 
normal double-screened coaxial cables and 
also for superscreened cables of the type 
developed by the United Kingdom Atomic 
Energy Autority. 

Pat Jones, 

Greenpar Connectors Limited, 

P.O. Box 15, 

Station Works, 

Harlow, 

Essex CM20 2ER, 

Telephone: 0279 27192 

(1927 M) 


Micro-sized mechanical filters 

The present trends of miniaturisation in 
broadcast radio receiver equipment have led 
TOKO to develop the world's smallest series 
of IF filters for broadcast and communi¬ 
cations receivers. 

Clockwise from the right, the photograph 
shows the CFL ceramic AM IF filter — avail¬ 
able for the range 450-470 kHz with a nom¬ 
inal 8 kHz bandwidth at —6 dB. 

Next is the CMFC — designed for an ultra low 


Collet lock BNC connector 

Greenpar Connectors Limited have intro¬ 
duced a completely new coaxial connector to 
mate with standard BNC sockets which 
provides a significant improvement in 
screening over the conventional BNC plug. 
Known as the Collet Lock BNC series, the 
new . connector has been developed by 
Greenpar in response to a suggestion by the 
Telecommunications Division of The Post 
Office which required a connector of superior 
performance when testing multi-coaxial 
installations for cross talk. Applications which 
could benefit from the new connector include 
any installation requiring a consistent and 
high level of screening performance, and 
include both test laboratory and field service 
appl^tions. In both areas its compatibility 
with Indard BNC sockets enables system 
performances to be improved without 
changing fixed connectors. 


They are simple to use — the base unit is 
screwed onto equipment or walls with the 
wires inserted into the springs. The front panel 
with all the electronic metres switches etc is 
then simply plugged into the base and held by 
two screws ideal for all those tight corners. 
Very inexpensive — the case (complete 
assembly) with 12 terminals — gold plated 
contact springs — is only £ 8.50. The cover is 
moulded from impact resistant polystyrol or, 
at slightly extra cost, moulded from ABS, 
which gives a much higher temperature rating.. 
The boxes can be supplied complete with 
printed circuit board ready to screen and is 
ideal for prototype use. Labels for the front 
panel can be supplied manufactured from 
either PVC or Paper. 

Fre par Electronics Ltd, 

119, Newland Road, 

Wit ham Essex CM8 1 BE 

(1929 M) 


Electronic module boxes 

Frepar Electronics of Witham have been 
appointed sole U.K. agents and distributors 
for a range of module boxes manufactured in 
Germany. 

These boxes (size 12x52, height 106 mm) 
have built-in edge connectors allowing up to 
1 2 connection terminals. 


profile in the increasing use of thick film 
techniques and offering an electrical perform¬ 
ance equivalent to the CFMS (far left of 
picture). Both the CFMC and the CFMS offer 
selectivity equivalent to three conventional 
single tuned IF transformers in the frequency 
range 450-530 kHz. (Including the proposed 
526.5 kHz for the CARFAX traffic infor¬ 
mation system). 

The remaining filter is the CFSKM FM IF 
filter, which is a derivative of the standard 
size CFSH series of ultra low temperature 
coefficient filters for use in wideband FM IF 
systems. The available bandwidths are: 
280 kHz (CFSKM1) and 230 kHz (CFSMK2). 
Spurious responses are kept below —40 dB in 
the range 8-12 MHz, enabling the CFSKM to 
be used as a roofing filter in dual conversion 
receivers. 

Ambit International, 

200 North Service Road, 

Brentwood, 

Essex, CM 14 4SG. 

Telephone: 0277 230909 

(1921 M) 


Miniature high value inductors 

The 10RBM is a high 'Q', high stability LF 
inductor with ferrite bobbin and shroud core 
for applications from 10 kHz to 200 kHz. 
Despite its very compact dimensions, the 
10RBM spans the range 560 uH to 15 mH in 
El2 series with Q values as high as 100. 



The 10RSB is similar to the 10RBM but 
with a shield case to prevent interaction from 
stray electrostatic fields. The same basic 
electrical parameters apply to the 10RBS as 
for the 10RBM, except that 'Q' is slightly 
degraded. 

Ambit International, 

200 North Service Road, 

Brentwood, 

Essex, CM 14 4SG. 

Telephone: 0277 230909 

(1930 M) 
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Snap-in Fibre Optic Link 

Available for under £35, the new HFBR- 
0500 Snap-in Fibre Optic Link is a TTL 
compatible fibre optic link. Hewlett-Packard 
supplies, in kit form and as discrete units, all 
of the elements of the link including 
transmitter, LSTTL/TTL compatible receiver, 
one millimetre core diameter plastic fibre in 
bulk or terminated lengths, connectors that 
are quick and easy to attach, and a polishing 
kit. The connectors snap in to the dual-in-line 
transmitter and receiver modules which are 
colour coded for easy field installation and 
repair 

The HFBR-0500 series Fibre Optic Link can 
be used for low cost, short length inter- or 
intra-system data links to solve commode or 
high voltage isolation problems. Because the 
receiver has an internal shield, it is resistant to 
Electromagnetic Interference and may be 
used in high EMI applications. HP's Fibre 
Optic Link may also be used to meet Electro¬ 
magnetic Compatibility (EMC) specifications 
of the FCC and VDE and safety requirements 
of the VDE. 

The grey plastic HFBR-1500/1 transmitter 
incorporates a 665 nm LED and can be easily 
interfaced to logic families with an open 
collector TTL buffer gate. The blue plastic 
HFBR-2500 Receiver incorporates an 
integrated photo detector a shielded wide 
bandwidth d.c. amplifier, and open collector 
output circuit. It is compatible with most 
+5 volt logic families and has a d.c. to 
10 MBaud data rate. 

The HFBR-3500, 1 mm core, fibre optic cable 
is terminated in colour-coded snap-in plastic 
connectors. Terminated lengths of cable are 
available in 0.1 metre increments and may be 
purchased separately from the transmitter and 
receiver modules. Bulk lengths of unconnec¬ 
ted cable, HFBR-3590/1, can easily be 
terminated with the HFBR-4510 (grey) and 
HFBR-4511 (blue) connectors, then finished 
with the HFBR-4595 Polishing Kit. The 
plastic connectors are designed for quick 
installation with a minimum of tools and no 
adhesives. 


The cable's 1 mm core diameter matches the 
active areas of the transmitter and receiver for 
maximum light coupling. Access is available 
to both the anode and cathode pins of the 
transmitter LED to allow the system designer 
to optimise system layout and performance 
by implementing the proper drive configur¬ 
ation. Detailed information is included in the 
kit in Application Note 1009, 'Designing with 
the HFBR-0500 series Snap-in Fibre Optic 
Link'. 

In quantities of one to 99, the HFBR-0500 
Snap-in Fibre Optic Link kit is £ 32.67 and it 
is stocked at Hewlett-Packard authorised 
distributors. 

Hewlett-Packard L td. 

King Street Lane, 

Winnersh, 

Wokingham, 

Berks RG11 5AR, 

Telephone: (0734) 784774 

(1869 M) 


Bench-top frequency standard 

A new bench-top frequency standard from 
CSC, the Model 4401, provides a source of 
discrete, selectable precision frequencies for 
use as either a time or frequency standard or 
a highly accurate signal source. A 10 MHz 
precision crystal over oscillator gives an 
accuracy within ± 0.5 parts in 10 6 from 
0°C to 40°C, and the provision of only two 
controls — a frequency-select pushbutton and 
a frequency-multiplier switch — makes the 
instrument very easy to use. 

The CSC Model 4401 has two d.c.-coupled 
outputs available via front-panel BNC connec¬ 
tors. One output always provides a 10 MHz 
square-wave signal, while the other 'select' 
output provides any one of 24 discrete, 
selectable outputs from 0.1 Hz to 5 MHz. The 
frequency-select pushbutton covers a range of 
0.1 Hz to 10 MHz in nine decade steps, while 
the multiplier control gives a selection of 1 X, 
2 X or 5 X multiplication factors. 

Both outputs have a 50 £1 impedance, are 
compatible with TTL logic, and are short- 
circuit protected. Square-wave rise and fall 
times are 20 ns. Eight front-panel light- 
emitting diodes indicate the selected fre¬ 
quency decade, and an additional 'oven-ready' 
indicator is provided. 

The 10 MHz crystal oscillator is oven- 
controlled at 55° C, and is factory-calibrated 
to the National Bureau of Standards. Ageing is 


market 



less than one part in 10 6 per year. The crystal 
oven normally takes between three and five 
minutes before it reaches operating tempera¬ 
ture and the unit locks on to the correct 
frequency. 

The 4401 is ideally suited to applications such 
as the calibration of oscilloscopes, timers and 
frequency counters, as a precision clock 
source for microprocessors, or as a precision 
time reference in the laboratory, field-service, 
educational or industrial environments. It 
measures 76 x 254 x 178 mm, and weighs 
0.9 kg. 

Continental Specialties Corporation, 

Shire Hill Industrial Estate, 

Saffron Walden, 

Essex, 

CB11 3AQ, 

Telephone: (0799) 21682 

(1874 M) 


Miniature low cost relays 

The RBU series relay is a flux resistant PC 
mounting relay with two pole changeover 
contacts, each capable of handling 2 A at 
24 VDC. Stock types are provided with 
10 - 12 VDC 320 ohm coils, although any 
value from 3 V to 24 V can be accomodated to 
order. Life expectancy is a minimum of 
10 million mechanical cycles, with 100,000 
cycles for the contacts when run at maximum 
capacity. 



The RCU relay is one of the smallest change¬ 
over relays available (excluding T05 types). It 
is a single pole unit, capable of switching 2 A 
at 24 VDC (or 2 A at 100 VAC) The 'stock' 
coil is a 10 - 12 VDC 320 ohm winding 
although 3 - 24 V is available to order. Life 
expectancy is the same as for the RBU relay. 
Applications of both these relays include 
antenna switchover, vending machinery, 
remote control systems etc. The RBU costs 

99 p in 100 off, and the RCU costs 84 p in 

100 off. One off pricing is £ 1.85 and £ 1.65 
respectively. 

Ambit In terna tional, 

200 North Service Road, 

Brentwood, 

Essex CM 14 4 SG, 

Telephone: (0277) 230909. 



(1873 M) 
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SERVICES 

TO 

READERS 




ISPS print /eruice 


Many Elektor circuits are accompanied by printed circuit 
designs. Some of these designs, but not all, are also available 
as ready-etched and pre-drilled boards, which can be ordered 
from any of our offices. A complete list of the available 
boards is published under the heading 'EPS print service' in 
every issue. Delivery time is approximately three weeks. 

It should be noted however that only boards which have at 
some time been published in the EPS list are available; the 
fact that a design for a board is published in a particular 
article does not necessarily imply that it can be supplied by 
Elektor. 



Technical queries 


Please enclose a stamped, self-addressed envelope; readers 
outside UK please enclose an IRC instead of stamps. 

Letters should be addressed to the department concerned — 
TQE (Technical Queries). Although we feel that this is an 
essential service to readers, we regret that certain restrictions 
are necessary: 

1. Questions that are not related to articles published in 
Elektor cannot be answered. 

2. Questions concerning the connection of Elektor designs 
to other units (e.g. existing equipment) cannot normally 
be answered, owing to a lack of practical experience 
with those other units. An answer can only be based 
on a comparison of our design specifications with those 
of the other equipment. 

3. Questions about suppliers for components are usually 
answered on the basis of advertisements, and readers can 
usually check these themselves. 

4. As far as possible, answers will be on standard reply 
forms. 

We trust that our readers will understand the reasons for 
these restrictions. On the one hand we feel that all technical 
queries should be answered as quickly and completely as 
possible; on the other hand this must not lead to overloading 
of our technical staff as this could lead to blown fuses and 
reduced quality in future issues. 


(vieaCdeal Iwh 

/Marshall’s 


CRIMSON ELEKTRIK 
MODULES 


CE 608 
CE 1004 
CE 1008 
CE 1704 
CE 1708 
CPS 1 
CPS 3 
CPS 6 
CPR1 
CPR1S 


Power Amp 
Power Amp 


Power Unit 


Pre Amp 


£20.09 

£23.43 

£26.30 

£33.48 

£33.48 

£19.52 

£23.52 

£30.00 

£32.17 

£42.52 


ILPHI FI MODULES 

Power Amplifiers 

HY30 

£ 7.29 

HY60 

£ 8.33 

HY120 

£17.48 

HY200 

£21.21 

HY400 

£31.83 

Pre Amplifiers 
HY6 

£ 6.44 

HY66 

£12.19 

Power Supplies 
PSU30 

£ 4.50 

PSU36 

£ 8.10 

PSU60 

£13.04 

PSU70 

£15.92 

PSU180 

£21.34 

MULTIPLEX NICKEL 
CADMIUM CELLS 

Type S101 (HP4) £0.98 
Type SubC (HP11) £1.75 
Type SubD (HP2) £1.95 
Friwo Chargers for above 
Penlight 4: accommodates 

1-4 size HP7 

£5.50 

Combibox FW611: 

accommodates 
HP7, HP11 

£13.25 

NOTE ALL PRICES 
NET. EXCLUDING 

VAT. 


POSTAGE/PACKING 




SINCLAIR INSTRUMENTS 
Digital Multimeter 

PDM35 £ 34.50 

" " DM235 £ 52.50 

- " DM350 £ 72.50 

" " DM450 £ 99.00 

Digital Frequency Meter 

PFM200 £ 49.80 
Low Power Oscilloscope 

SC110 £139.00 
TF200 Frequency Meter 

£145.00 

TGF105 Pulse Generator 

£ 85.00 

NEW 

LCD Multimeter 

TM351 £99.00 
LCD Multimeter 

TM352 £49.95 

Prescaler 

TP600 £37.50 


New 

Presensitised PC Boards, Developer. U.V. units. 

Toyo miniature Fans 230v AC £9.95 

Mini Metal Detector/Voltage Tester for locating 

cable under plaster £9.95 

Flow/Speed Sensors for monitoring fuel 

consumption electronically in vehicles 

Just one of the exciting Leader range 

*-LB0508A 

OSCILLOSCOPE 
£j With 20MHz DC 
: ' i bandwidth and 

ib -y ,g ; 10 mv input 

sensitivity on a 5" 

t*T* I screen this universal 

i'Mi 'I oscilloscope is 

suitable for a wide 
£299 + VAT range of 

applications. 

Send SAE for details of full range. 

Marshall's 80/81 catalogue is now available by 
post, UK 75p post paid Europe 95p post paid: 
Rest of world £1.35 post paid. 

A. Marshall (London) Ltd., Kingsgate House, 

Kingsgate Place, London NW6 4TA. 

Inrliictrial Caloc- 01 mflQ Also retail shops: 325 Edgware Road. London W2. 

industrial oaies. U I IUU» 40 Cricklewood Broadway, London NW2. 85 West Regent St.. 

Mail Order: 01-624 8582 24hr service. Glasgow, iosa stokes croft, Bristol. 
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UHF RF Modulator Tuned CH 36 

£2 

diodes 






IN914 Equiv. IN4148 


£1.50/100 




IS347Q Ge 


£1/100 

NEW NICKEL CADMIUM 


IS44 


£1.25/100 




IN4003 1A 300v 


£3/100 

CtLLo 


1 2v 

35A 120v Stud Rectifier Diode 

45p 

D Cell (U2 size) 4A/H 


£2.20 

BRIDGE RECS. 



RR Cell 1.2A/H 


£1.10 

3A 200v 


30p 

V 2 C Cell 0.7A/H 


£1.00 

1,5A 200v 


20p 

AA Cell 0.5A/H 


£0.90 

2.5A lOOv 


30p 

All above cells are vented - i.e 

. suitable 

SCR 600v 10A 


90p 

for fast charging 



TRIAC 800v 8A 


85p 




TRIAC 400v4A 


60p 

BUTTON CELLS 


1.2v 

SCR 100A 600v 


£3 

200mA/H 40p 

280mA/H 55p 

BC107B ITT 

lOp 

£8/100 

500mA/H 70p 

900mA/H £1.05 

BC261B 

lOp 

£8/100 

1.75A/H £1.50 



BSY84 

lOp 

£10/100 

Ribbon cable 



BFY64 

lOp 

£9/100 

8 way 


25p/metre 

PBC108 (plastic 108) 


£4/100 


19 way 60p/metre 

26 way (13 pairtwist'n’flat) 80 p/V 2 metre 

50 way (25 pairtwist'n’flat) 150p/V2 metre 

HIGH PERFORMANCE 
POWER SUPPLY KIT 

Zero -»• 30v 5mA -»■ 1.5A 
O/P resistance 1mI2 (at board O/P) 
Noise/ripple ImV - very sharp current 
limit - generally idiot proof. 

Kit of parts F/G PCB tinned controls, 
wire, all components : £12.00 

Schools/Colleges £11.00 

P&P £1.00 

Canon D’Connectors 9 way 90p 

Ex Equipment 15 way £1.00 

Price per Pair 25 way £1.30 


New connectors available at double above prices. 

2N3055 ex eqpt. tested 25p 

Plastic 3055 ex eqpt. tested 25p 

TIP41A ex eqpt. tested 25p 

TRWRF Power Transistor - 
'Helicopter' type 50p 

6 ft. Silicon Rubber mains lead attached 
to defunct Oryx 50w thermostatically 
controlled Soldering Iron 50p 

2m Mains Lead 3 core 0.75 mm2 25p £15/100 
2m Mains Lead 3 core 7/ 2 15p 

Vernitron 10m7 Ceramic Filters 65p 
455k Ceramic Filters 50p 

Stereo Cassette Deck Top Loading 

£8 (90p) 

Mono Cassette Amp./OSC Board with 
Circuit £1.50 

LM107 Op. Amp. sim. 741/307 
(compensated 301 but no offset null) 

20 p 

741 OP. AMP T05 CAN 25p 

Humidity Switch (adjustable) 60p 

Air operated Switch 'A PSI £1.00 (30p) 

2 Pole Mains Latching Relay£1.00 (30p) 

T05 2p c/o Relay 24v Coil 60p 

BEAD THERMISTORS NTC Res. at 
20° 250R 1k2 50k, 220k 1m4 60p 

GPO Buzzers 12v + 50v 50p 

PCB with Unij. 2N2646 60p 

plus 4p C/O 12v relay 
100k 10 Turn Presets - ideal 
FM/TV Tuners 30p £20/100 

£ 100/1000 

10 Turn Trimpots- 
10R, 20R, 1 00R, 200R, 500R, 2 k, 

5k, 20k, 22k, 50k, 200k 40p 

10OOpF 10kV Caps (qty available) 25p 

SUB-MIN BUTTON 

MICROSWITCH 337-829 50p 

FUTABA FLUORESCENT DISPLAY 
8 digit 9-CT-01-3L £1.50 

SPIRAP 30m ROLL £1 

Cigar Lighter Plug, fused 60p 

Heatshrink Sleeving 

Assorted 1m lengths £1.50 (35p) 

Mixed Preset Resistors 
MIN & STD 30 for £1 

250 Mixed Resistors £1 (20p) 

Convergence Pots 20 assorted £1 (25p) 


1ATQ5 TRANSISTORS 
Equiv. 2N5058 T092 300v 150mA 10p £5/100 
Sim. BFY51 but 25v £10/100 

SCR C106F no Tabs 4A 10Ov 30p 

£20/100 

2N5777 (Photo Darlington) 50p 

£30/100 

BC238, BC239 10p ea. £5/100 

PCB PINS fit 0.1" Veroboard 50p/100 
£3/1000 

WW RESISTORS 

0.1ft .1% lOw 25p 

0.3ft 1% h/sink 25w 35p 

TIS91UNIJ. 30p 

2N3866 60p 

OC29!; 80p 

ME LI 2 Photo Darlington (base o/c) 50p 
Photo Diode 25p 

KSP1052 Equiv. 2N3440 50p 

Light Dependent Resistor 
TO IS case 60p 

LDR RPY58 50p 

Zeners400mW lOp £4.50/100 

2v7, 3v3, 3v9, 4v7, 5v6,6v2, £35/1000 
Zeners 1w/1w3 15p £7/100 

5v6,7v,8v2,12v,15v,18v,27v,33v,51v. 


T03 Mounting Kits £ 

TO220 Mounting Kits 
Opto Isolator OPI 2252 

TRANSFORMERS 

12v 10A 

12v 4A £2 

22v+8v+6v, 50vA £2 

Toroid 25 - 0 - 25v 150vA i 

9v 3 A £1 

24v 100mA 
12v-0-12v 40mA 

FOLD FLAT INSTRUMENT 


£2.50/100 

£2/100 

50p 


£6 (90p) 
£2.25 (65p) 
£2.50 (80p) 
£6.50 (£1) 

£1.60 (65p) 
£1 (25p) 

£1 (30p) 


HANDLES 25p, £15/100 

Stereo Cassette Head £3 (12p) 

Mono Cassette Mic. £1.50 (20p) 

6v Cassette Motor £1 (25p) 

CAPACITORS 

Spragl/e 26,000/x 30v £1.50 (35p) 

4700ju 25v 60p (20p) 

470Qju'35v 70p (20p) 

4700^,63v 80p (25p) 

Paper T/x 700v - 

ideal^electronic ignition 70p (25p) 

4 digit LCD Display £4 (25p) 

LCD Clock Display £3 (25p) 

Mono Cassette R/P Head £1 (25p) 

Cassette Erase Head 60p (12p) 

Stereo Cass.R/P Head £2.50 (25p) 

13A Mains Plug 38p 

Rubber 13A Mains plug 65p (30p) 

Rubber 13A trailing Skt. 65p (30p) 

Regulators 78/79 series 
5v, 12v, 15v, 24v 80p (12p) 

LM324 Quad 741 14 pin DIL 70p (12p) 
1458 Dual 741 8 pin DIL 60p (12p) 

POLYESTER CAPACITORS 


£1.50 (35p) 

60p (20p) 

70p (20p) 
80p (25p) 

70p (25p) 
£4 (25p) 
£3 (25p) 
£1(25p) 

60p (12p) 

£2.50 (25p) 
38p 
65p (30p) 
65p (30p) 


lOOn 

150n 

lOn 

470n 

IjU 

2\i2 C280 
1/45 $280 


5p £3/100 
4p £2/100 
3p £2.50/100 
6p £5/100 

8p £6/100 

lOp £8/100 
8p £6/100 


MIN. ORDER £2 OFFICIAL ORDERS WELCOME 

UNIVERSITIES - COLLEGES - SCHOOLS - GOVT. DEPARTMENTS 
WILL REFUND EXCESS P&P (P&P SHOWN IN BRACKETS) 

ADD 15% VAT TO TOTAL — 


KEYTRONICS 


332 LEY STREET, ILFORD, ESSEX 
Shop open Mon. - Sat. 9.30 a.m. - 2 p.m. 
TELEPHONE 553 1863 


S0LB OBT 
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Up-to-date electronics 

I i- C. * or lab and ,eisure 

If you experienced difficulty in obtaining this 
magazine take this form along to your 
newsagent and ask him to reserve a copy for 
you each month. 

To the newsagent: 

If you experienced difficulty in fulfilling our 
customers order, contact our distributors: 
Seymour Press, 334 Brixton Road, 

London SW9 7AG. 

Surname 


II 

II 


Initials 


Street/Ave./Blvd. 


Town 


County/Province/State 


Post code/Zip/Area code 


Country 
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REMOLO BASS TUBA - HARMONIC DRAWBARS 
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-USSlON-STEELBAND^BASSGUrm^^EDUJM 

re roM B9HVI 
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wm 

4c/c 

r/net -HHsSfflCSSHHi 

WG/CAt VOICING - CELESTA - S 
S PATTERNS - S 010 PERCUSSIOi 
WES -^ONKYTONK - SNAREROL 
TERN P- CONTRA CUSS/ON - SO 
MPET - PERCUSSION - SOOA/f 
0 M> PLAYBACK JACK - LONGSL 
S TUBA - HARMONIC DRAWBA 
ITRABASS - F/?££ ffO/V WA* WA/v 
WFS 77 M - SO££S - FRENCH ACi 
ELBAND - BASS GUITAR - MEDII 
REO SOUND - MEDIUM SUSTAIIS 

' : : • ■ . • ■ : ' V ' 4 ; 

'ND COMPUTERS - PIANO - COUf 


ANJO - Cl 
\p SOUNDS 
WES - LIT 
PSICHORD 
FIXTURES - 


- 


CHIMES - HONKYTONK - SNARi 
PATTERNS - CONTRA CUSSION 


SOUND 


Create one of Wersi’s electronic organs by building 
it yourself from an easy to build kit. Create a perfect 
match in decor by picking a spinet or console in 
contemporary or traditional styling. Create your own 
personalized instrument by picking just those features 
that fit your playing style. 

Create your own custom electronic organ by having 
WERSI build it for you. Create the keyboard 
instrument that exactly fits your needs in styling and 
features. Create a lifetime investment with WERSI’s 
unique updating system which allows you to ADD new 
features in-the future. 

Want to know more about WERSI? AURA SOUNDS 
are the first company to successfully market WERSI 
Organs and kits in the U.K. Our technical telephone 
support service is second to none. There’s a friendly 
welcome and free demonstration at our three 
showrooms. Fill in the coupon and enclose a 
cheque/P.O. for £1.00 payable to AURA SOUNDS — 

ItfBRSl AND AURA SOUNDS — THE WINNING COMBINATION 


LTD. FOR IMMEDIATE ACTION TELEPHONE 
01-068 9733 24 HOUR ANSWERING SERVICE, 
QUOTING ACCESS/BARCLAYCARD NUMBER 


AURA SOUNDS LTD 

14-15 Royal Oak Centre, Brighton Rd, Purley, Surrey. Tel: 01-668 9733 
17 Upper Charter Arcade, Barnsley, Yorkshire. Tel: (0226) 5248. 

1729 Coventry Road, Sheldon, Birmingham. Tel: 021-707 8244. 


Please send me the full colour WERSI Catalogue 
I enclose cheque/P.O. for £1. 

NAME__ 


ADDRESS 


Send to Aura Sounds Ltd., 14/15 Royal Oak 
Centre, Brighton Road, Purley, Surrey. 
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EIEKTOR BOOK SERVICE 



SC/MPUTER (1) — describes how to build and operate your own microprocessor system — the first book of 
a series — further books will show how the system may be extended to meet various requirements. 

Price — UK.£3.70 Overseas.£3.90 

FORMANT — complete constructional details of the Elektor Formant Synthesiser — comes with a FREE 
cassette of sounds that the Formant is capable of producing together with advice on how to achieve them. 
Price — UK.£4.50 Overseas.£4.70 

300 CIRCUITS for the home constructor — 300 projects ranging from the basic to the very sophisticated. 
Price — UK.£3.50 Overseas.£3.70 

DIGIBOOK — provides a simple step-by-step introduction to the basic theory and application of digital 
electronics and gives clear explanations of the fundamentals of digital circuitry, backed up by experiments 
designed to reinforce this newly acquired knowledge — supplied with an experimenter's PCB. 

Price — UK.£5.00 Overseas. £5.20 

BOOK 75 — a selection of some of the most interesting and popular construction projects that were 
originally published in Elektor issues 1 to 8. 

Price - UK.£3.50 Overseas. £3.70 

When ordering please use the Elektor Readers' Order Card in this issue (the above prices include p. & p.) 
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SYNTHESISER AND SOUND EFFECTS HITS 


ELEKTOR CHOROSYNTH 

A 2V2-Octave Chorus synthesiser with an amazing variety of 
sounds ranging from violin to cello and flute to clarinet, 
amongst many others. Experienced constructors can readily ex¬ 
tend the octave coverage. 

Basic components, PCBs & charts, 

but excl. sw's: KIT 100-8 £44.39 

Text photocopy .70 

ELEKTOR SEWAR 

For use with the Elektor Analogue Reverb to give greater 
flexibility to the reverb effects. 

Basic components & HUB (as publ.) KIT 101-1 £18.10 

Text photocopy .60 

ELEKTOR FUNNY TALKER 

Incorporates a ring modulator, chopper and frequency 
modulator to produce fascinating sounds when used with 
speech & music signals. 

Basic components & PCB (as publ.) KIT 99-1 £9.60 

Text photocopy .40 

FORMANT SYNTHESISER 

Very sophisticated music synthesiser for the advanced 
constructor who puts performance before price. 

BASIC COMPONENT SETS: (Incl. "as published" PCBs) 
Keyboard Interface (Jun 77): KIT 66-21 £14.92 

Gate Pulse Detector & Divider (Sept 77): KIT 66—22 £9.39 
Power Supply (Sept 77): KIT 66-23 £27.12 

Log VCO & Waveform Converter (Oct/Nov): KIT 66-24 £37.67 
Voltage Controlled Filter (Dec 77): KIT 66-25 £13.54 

Voltage Controlled Amplifier (Feb 78): KIT 66-26 £12.30 

ADSR Envelope Shaper (Jan 78): KIT 66-27 £8.63 

Three Low Freq-Oscillators (Mar 78): KIT 66-28 £11.35 

,^loise Generator (Mar 78): KIT 66-29 £7.60 

"itrol & Output (Apr 78): KIT 66-30 £8.35 

j full Formant assembly the following quantities are reqd.: 

3 of KIT 66—24, 2 of 66—27, and 1 of each of the other kits. 
Keyboard reqd.: 3-Octave plus 3-Octave GB contacts. 

Set of text photocopies: £7.83 


lUi T7TTT7 


MAIL ORDER SUPPLIERS OF 
QUALITY PRINTED CIRCUIT BOARDS, 
KITS AND COMPONENTS 
TO A WORLD-WIDE MARKET 


KIMBER-ALLEN KEYBOARDS AND CONTACTS 

as required for many published circuits. The manufacturers 
claim that these are the finest moulded plastic keyboards 
available. All octaves are C to C, the keys are plastic, spring- 
loaded, fitted with actuators, and mounted on a robust 
aluminium frame. 

3 Octave £25.50 4 Octave £32.25 - 5 Octave £39.75 

CONTACT ASSEMBLIES (gold-clad wire) 

1 required for each KBD note: 

Type G B: 2 pairs of contacts, normally open 37’/2p ea. 

Type GJ: Single pole change-over 33p ea. 

MANY MORE KITS IN OUR 
NEW MORE INFORMATIVE LIST! 

FREE LISTS: Send stamped addressed envelope with all UK 
requests for free lists giving fuller details of our range of goods. 
Europe send 35p, other countries send 75p, or equivalent in 
reply coupons. 

COMPONENT SETS include resistors, capacitors, semi¬ 
conductors, potentiometers and transformers as necessary. 
Hardware such as cases, sockets, knobs, keyboards, etc. are not 
included but most of these may be bought separately. 

Fuller details through our lists. 



ADD - POST & HANDLING 

ADD 15% VAT 

U.K. orders - Keyboards add £2.70 each plus VAT. Other 

(or current rate if changed) 

goods - under £20 add 70p, over £20 add £1. 

Must be added to full total 

Recommended insurance against postal mishaps add 50p 

of goods, post & handling. 

for cover up to £50, £1 for £100 cover, etc. pro-rata — 

on all UK orders. Does not 

insurance must be added for credit card orders. 

apply to exports, or photo¬ 

N.B. Eire, C.I., B.F.P.O. and other countries are subject to 
higher export postage rates. 

copies. 


ELEKTOR FREQUENCY DOUBLER 
For use with guitars and other electronic instruments to 
produce an output 1 octave higher than the input. Inputs and 
outputs may be mixed to give greater depth. 

Basic components & PCB (as publ.) KIT 98-1 £5.48 

Text photocopy .20 

DIGITAL REVERBERATION UNIT (May 1978) 

A very advanced unit using sophisticated i.c. techniques instead 
of mechanical spring-lines. The basic delay range of 24mS to 
90mS can be extended up to 450mS using the extension unit. 
Further delays obtainable using more extensions. 

Main component set & PCB KIT 78-3 £49.95 

Extension component set & PCB KIT 78—4 £39.95 

Text photocopy -86 

ANALOGUE REVERBERATION UNIT (Oct 1978) 

Using i.c.s instead of spring-lines, the unit has a maximum delay 
of up to 200mS. May be used in either mono or stereo mode. 
Basic component set & PCB KIT 83-3 £49.30 

Text photocopy .67 

RING MODULATOR (March 1979) 

Compatible with the Formant & most other synthesisers. 

Basic component set & PCB KIT 87-2 £6.84 

Text photocopy .38 

PHASING AND VIBRATO UNIT (Dec 1976) 

Includes manual and automatic control over the phasing and 
vibrato rates. 

Basic component set & PCB KIT 70—2 £21.67 

Text photocopy .67 

WAVEFORM CONVERTER 

A slightly modified extract from the Formant Synthesiser for 
use as a unit in its own right. Converts a saw-tooth wave-form 
into 4 different wave-forms: sine-wave, mark-space saw-tooth, 
regular triangle form, and square-wave with an externally con¬ 
trollable mark-space ratio. 

Basic component set & PCB KIT 67—1 £9.24 


EXPORT ORDERS ARE WELCOME but to avoid 
delay we advise you to see our list for postage 
rates. All payments must be cash-with-order, in 
Sterling, by International Money Order or through 
an English Bank. 

PRICES ARE CORRECT AT TIME OF PRESS 
DELIVERY SUBJECT TO AVAILABILITY 
E.&O.E. 


PHONOSONICS DEPT. EL72, 22 HIGH STREET, SIDCUP, KENT DAM 6EH 


Terms: C.W.0. Mail Order or Collection 
by Appointment (Tel. 01 • 302 6184) 


elektor 

BACK ISSUES 


OUR BACK ISSUES ARE IN GREAT DEMAND 
AND WE REGRET SOME ARE COMPLETELY 
SOLD OUT. WE SUGGEST YOU ORDER NOW 
USING THE PRE-PAID ORDER CARD IN THIS 
ISSUE. FOR FUTURE ISSUES PLACE A 
REGULAR ORDER WITH YOUR NEWSAGENT 
OR COMPONENT SHOP. 


The following back issues are available from us : 

1979 

issue nos. 45—50, 53—56.£0.75 

issue no. 51/52.£1.50 

1980 

issue nos. 58 and 65.£0.75 

issue nos. 66, 67 and 68 ..£0.80 

issue no. 63/64 .£1.50 


£2^- 


a 

SHfr— mb 


NT 


° ^ 
f A* 

■J&r-1 


68 r | 

LARGER U| 
PAGES W* 


The larger 
catalogue 
that means 
FREE POSTAGE 
IN U.K. 

• 

ADDITIONAL 

DISCOUNTS 

• 

KEEN PRICES 

GUARANTEED 

SATISFACTION 

• 

GOOD STOCKS 
GOOD DELIVERY 

• 

We pay postage 


Semi-Conductors • I.C.s • Opto- 
devices • Rs and Cs in great variety 
• Pots • Switches • Knobs • 
Accessories •Tools • Materials • 
Connectors 

I electroValue 



ELECTROVALUE LTD., Dept. EK2, 28 St. Judes Road, Englefield Green, Egham, 
Surrey TW20 OHB. Phone Egham 33603 (STD 0784, London 87). Telex 264475. 

Northern Branch (Personal Shoppers only): 680 Burnage Lane, Burnage, Manchester 
M19 1NA. Phone (061)432 4945. 
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Post code/Zip/Area code 
Country _ 


Mail to: 

ELEKTOR PUBLISHERS., ELEKTOR HOUSE, 

10 LONGPORT, CANTERBURY. CT1 1PE. 

Please attach magazine label here, list new address 
below, and mail six to eight weeks before you move. 
If you are receiving duplicate copies of Elektor, 
please send both labels. Or if you have a question 
about your subscription attach label here and clip 
this form to your letter. 


MOVING? 


Street/Ave./Blvd. 


mssnamsm 
























advertisement 
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SPRING TIME IS SALE TIME 


Closing date 31.4.81. 


£1-00 LEDs 0.2' 

£090 1 0 each red. green, yellow 
£i oo LM391 5 + 10-element LED display 
Ei.oo Liquid Crystal Display. 3' 2 0.5' digits, d 1 
£i oo 2 x T IC226D 8A/400V Triacs 
£[ {JJ 2 x T IC236D 12A/400V Triacs 


£4.00 2x7812 

£1.00 2x7812 


15 x BC182 £1.00 

15 x BC212 £1.00 

Voltage Regulators 
2 x 7805 £1.00 

2x7812 £1.00 

2x7812 £1.00 

4 x C106D £1.10 

6 x CD4011 £1.00 




D.V.NI. THERMOMETER KIT 


~c .r Based on the ICL 7106. This 

' -,7 *Kit contains a PC8, resistors, 
presets, capacitors, diodes, 1C 
j ^^gf^ ****^. j' and 0.5" liquid crystal display. 

uS *'j Components are also included 
to enable the basic DVM kit to 
be modified to a Digital 
l Thermometer using a single 

diode as the sensor. Requires a .£»«iocs\ 
3mA 9V supply (PP3 battery) £. I«7.0U 


% 



THE 

REMOTE CONTROL 
STORY 



ARE YOU SITTING COMFORTABLY? 


Our new TDR300K Touch Dimmer 

Kit will ensure that you are. Based 7 ^ 

on our highly successful TD300K _ J r 

touch controlled dimmer kit, the 
TDR300K incorporates an infra 

red receiver, enabling the lamp brightness to be varied and 
switched on or off by touch or remotely by means of a small hand 
held transmitter. The complete kit, which includes easy to follow 
instructions, will fit into a plastic depth box and the plastic front plate 
has no metal pads to touch, ensuring complete safety. Even 
a neon is included to help you locate the switch in the dark. 


_^ tn years to come everyone 

will be selling remote control dimmers, but you 
can have your TDR300K kit now for only £ 14.30 for the 
dimmer unit and £ 4.20 for the transmitter. For the more 
athletic of you. the TD300K Touch Dimmer Kit is still 
: available at £ 6.50 and the TDE/K Extension kit, 

for 2-way switching etc., is £2.00. 

^ DON'T FORGET 

to add 50p P & P and 15% V.A.T. 
; /TAt——^ to your total purchase. 


ONCE UPON A TIME, if you wanted to control any equipment remotely you had to buy a dozen logic ICs, chase around the 
shops for crystals and expensive ultrasonic transducers and then spend a few days getting the unit to work. Then one day TK 
began stocking a new system. All you required was one 1C, a couple of transistors, resistors and a keyboard for the transmitter 
and a couple of ICs plus a few capacitors for the receiver, to give you up to 16 on/off (digital) outputs or 10 channels plus three 
analogue (0-10V) outputs. The SL490 transmitter/encoder accepts inputs from a keyboard (up to 32 way) and encodes these 
into a pulse train which may be transmitted using infra red, ultrasonic, radio or even wire links. For the receiver you may use 
the SL480 pre-amplifier if you want an infra red ink or a suitable pre-amplifier for ultrasonic or radio links, and one of the 
ML920 series decoders depending on the number and type of outputs required. The only adjustment you need to make is to 
set one preset (by trial or with a ’scope) and that's all. 


400V Plastic Case (Texas) 

3A 

49p 16A 

95p 

8A 

58p 


12 A 

85p 


6A w 

ith trigger 

80p 

8A isolated tab 

65p 

Diac 


18p 


LD271 IR Emitting Diode £ 0.36 ML926 16-channel receiver, 

4 momentary binary outputs £1.40 

SFH205 Photodiode Detector £ 0.90 ML928 16-channel receiver, 

ci a on i^d P17 n 4 latched binary outputs £1.40 

SL480 1C Pulse Amp. , E1 - 70 ML929 16-channel receiver, 

SL490 32 Command Encoder/transmitter £ 2.40 ^ 4 latched binary outputs £ 1.40 

Clip-on Plastic Reflector for IR 

ML922 10-channel receiver + 3 analogue outputs £ 4.20 LEDs, increases range £ 0.20 

NEW ML925. A decoder designed for model/toy control, providing a 2-speed drive motor and three position latched 
steering system or a vehicle with momentary action steering and a third motor, eg. gun turret, winch, etc. Outputs 
also available for other facilities such as horn, turn indicators, headlights, etc. £ 2.10 

To make things EVEN EASIER, we have designed several new kits:— 

MK6 — Simple Infra Red TRANSMITTER. A pulsed infra red source which comes complete with a hand held 

plastic box. Requires a 9V battery. £ 4.20 

MK7 — Infra Red RECEIVER. Single channel, range approximately 20 ft. Mains powered with a triac output to 
switch loads up to 500W at 240V ac, but can be modified for use with 5 to 15V dc supplies and transistor or 
relay outputs. £ 9-00 

•SPECIAL PRICE* MK6 and MK7 together. Order as RC500K. £ 12.50 

MK8 — Code Infra Red TRANSMITTER. Based, on the SL490, the kit includes 2 IR LEDs, measures only 8x2x 1.3 

cms. and requires a 9V (PP3) battery. £ 5.90 

MK9 — 4-way KEYBOARD. For use with the MK8 kit, to make a 4-channel remote control transmitter. £ 1.90 

MK10— 16-way KEYBOARD. For use with the MK8 kit, to generate 16 different codes for decoding by the ML 928 

or ML926 receiver (MK12) Kit. £ 5.40 

MK11— 10 On-Off Channel IR RECEIVER with 3 analogue outputs (0-10V) for controlling such functions as lamp 
brightness, volume, tone, etc. Other functions include an on/standy output and a toggle output, which may 
be used for sound muting. Based on ML922 decoder 1C. Includes its own mains supply. £ 12.00 

MK12— 16-Channel IR RECEIVER. For use with the MK8 kit with 16 on/off outputs which with further interface 
circuitry, such as relays or triacs, will switch up to 16 items of equipment on or off remotely. Outputs may be 
latched or momentary, depending on whether the ML926 or ML928 is specified. Includes its own mains 
supply. £ 11.95 

MK13— 11-way KEYBOARD. For use with MK8and MK11 kits. Transmits programme step + and-, analogue + 

and-(3), mute, normalise analogue outputs, and on/standby. £ 4.35 

Now you can buy all the components you require for your infra red system or complete kits from one supplier, at unbeatable 
prices, and live happily ever after. 


ALL COMPONENTS ARE BRAND NEW AND TO SPECIFICATION 
ADD 50p P & P and 15% V.A.T. TO TOTAL. 

OVERSEAS CUSTOMERS ADD Cl .50 (Europe) £4.00 (elsewhere) for P & P. 

Sendsa.e for price list and with all enquiries Callers welcome 9 30 S 00 (Mon-Fri) 10 00-4 00 (Sat ) 


-t* 


TK Electronics 

(EL), 11 BOSTON ROAD, LONDON W7 3SJ. 
TEL. 01-579 9794 



READERS’ 
CLASSIFIED 
ADS __ 


14/e invite our readers to in - 
sert advertisements into 
our 'Classified Section'. 

If you have something to 
sell, exchange, or buy, fill 
in this form and send it to 
us with your remittance. 

The rate (prepaid) is 20p 
per word. Minimum charge 
is £2.40 (12 words). Please 
read Conditions of Accept¬ 
ance on Classified ads page. 

When completing the form 
use CAPITAL LETTERS, 
one word per box. Your 
advertisement must include 
your address or telephone 
number. Please also add 
your name and full address 
below. 



ADDRESS: 












A DIRECTORY OF ELECTRONIC COMPONENT SUPPLIERS TO ELEKTOR READERS 





AITKEN BROS. & CO. 

35 High Bridge 
Newcastle-upon-Tyne 
NE1 1EW 
Tel. 0632 26729 

ALPHA SOUND SERVICES 
50 Stuart Rd r Waterloo 
Liverpool 22 
Tel. 051 928 7862 

A. MARSH ALL (LON DON) LTD 
85 West Regent Street 
Glasgow G2 2QD 
Tel. 041 332 4133 

THE AMATEUR RADIO SHOP 

4 Cross Church Street 
Huddersfield HD1 3PT 
Tel. 20774 

N.R. BARDWELL LTD. 

288 Abbeydale Road 

Sheffield 7 

Tel. Sheffield 52886 

S. BELL TV SERVICES 
190 Kings Road 
Harrogate HG1 5JG 
Tel. Harrogate 55885 

CASEY BROTHERS 
Palladium House 
Boundary Road 
St. Helens 

Merseyside WA10 2LL 
Tel. 0744 27873 

DERWENT RADIO 

5 Columbos Ravine 
Scarborough, N. Yorkshire 
Tel. 0732 63982 

D.I.M.E.S. ELECTRONICS 
Hobby Shop 
83 Broad Street 
Peterhead 

Aberdeenshire AB4 6JL 
Tel. 0779 77515 

ELECTRONIC ASSEMBLY 
SERVICES 
Bright Street Works 
Bury, Lancs. BL9 6AQ 
Tel. 061 764 7634 


ELECTROVALUE LTD. 

680 Burnage Lane 
Manchester M19 1NA 
Tel. 061 432 4945 

ELECTRO SUPPLIES 
6A Todd Street 
Manchester 
Tel. 061 834 1185 

GREENBANK ELECTRONICS 
94 New Chester Road 
New Ferry, Wirral 
Merseyside L62 5AG 
Tel. 051 645 3391 

SHUDEHILL SUPPLY CO.LTD 
53 Shudehill 
Manchester M4 4AW 
Tel. 061 834 1449 

SPECTRON ELECTRONICS 
MANCHESTER LTD. 

7 Oldfield Road, Salford 
Greater Manchester 
Tel. 061 834 4583 

PROGRESSIVE RADIO 
93 Dale Street 
Liverpool L2 2JD 
Tel. 051 236 0982 


AREA a 

CRYSTAL ELECTRONICS 
40 Magdalene Road 
Torquay, Devon 
Tel. 22699 

DURRANT RADIO 
(COMPONENT SERVICE) 

9 St. Mary's Street 
Shrewsbury, Shropshire 
Tel. 61239 

P.A.T.H. Electronic Services 
369 Alum Rock Road 
Birmingham B8 3DR 
Tel. 021 327 2339 

G.M.T. ELECTRONICS 
P.O. Box 290 
8 Hampton Street 
Birmingham B19 3JR 
Tel. 021 233 2400 

L.F. HANNEY 
77 Lower Bristol Road 
Bath BA2 3BS, Avon 
Tel. 0225 24811 

A. MARSHALL(LONDON)LTD 

108A Stokes Croft 

Bristol 

Tel. 0272 426801 

MONOLITH ELECTRONICS 
CO. LTD. 

5/7 Church Street 
Crewkerne, Somerset 
Tel. 0460 74321 

RAMAR ELECTRONIC 
SERVICES LTD. 

Masons Road 
Stratford-on-Avon 
CV379NF 
Tel. 4879 


STEVE'S ELECTRONICS 
15/17 The Balcony 
Castle Arcade, Cardiff 
Tel. 0222 41905 


AREA I 

A. MARSHALL(LONDON)LTD 

40/42 Cricklewood Broadway 

London NW2 3ET 

Tel. 01 452 0161 

325 Edgware Road 

London W2 

Tel. 01 723 4242 

AMBIT INTERNATIONAL 
200 North Service Road 
Brentwood, Essex 
Tel. 0277 230909 
Telex 995194 Ambit G 

ARROW ELECTRONICS 
Coptfold Road 
Brentwood, Essex 
Tel. 0277 219435 

AUDIO ELECTRONICS 
301 Edgware Road 
London W2 1BN 
Tel. 01 724 3564 

BI-PAK SEMICONDUCTORS 
3 Baldock Street 
Ware, Herts. 

Tel. 0920 61593 

CAVERN ELECTRONICS 
94 Stratford Road 
Wolverton, Milton Keynes 
Tel. Milton Keynes 314925 

CHARLESTOWN 
89 Carrington Street 
Nottingham 
Tel. 868933 & 55489 

CHROMASONIC ELEC¬ 
TRONICS 

56 Fortis Green Road 
Muswell Hill 
London N10 3HN 
Tel. 01 883 3705/2289 

CONTOUR ELECTRONICS 
23 High Street 
Stanstead Abbotts 
Ware, Herts. 

Tel. 0279 415717 

CONTINENTAL SPECIALTIES 
CORP. (UK) LTD. 

Shire Hill Industrial Estate 
Saffron Walden 
Essex CB11 3AQ 
Tel. 0799 21682 

COSSOR ELECTRONICS 
The Pinnacles 
Elizabeth Way, Harlow 
Essex CM19 5BB 
Tel. 0279 26862 

C.T.S. LTD. 

20 Chatham Street 
Ramsgate, Kent CT11 7PP 
Tel. Thanet 54072 


D.P. HOBBS 
11 King Street 
Luton, Beds. 

Tel. 0582 20907 

DORAM ELECTRONICS 
Fitzroy House 
Market Place 
Swaffham 
Norfolk PE37 7QH 
Tel. 0760 21627 

ELECTROVALUE LTD. 

28 St. Judes Road 
Englefield Green 
Egham, Surrey TW20 0HB 
Tel. Egham 3603 

ELEY ELECTRONICS 
100/104 Beatrice Road 
Leicester 
Te. 871522 

FRANK MOZER LTD. 

5 Angel Corner Parade 
Edmonton, London N18 
Tel. 01 807 2784 

FOREWAY SERVICES 
19 Old High Street 
Headington, Oxford 
Tel. 0865 

G.B. GARLAND BROS. LTD. 
Chesham House 
Deptford Broadway 
London SE8 4QN 
Tel. 01 692 4412 

GREENWELD ELECTRONICS 
443E Milbrook Road 
Southampton SOI 0HX 
Tel. 0703 772501 

HARRINGTON COLOR- 
VISION 
9 Queen Street 
Colchester, Essex 
Tel. Colchester 47503 

HENRY'S RADIO 
404 Edgware Road 
London W2 
Tel. 01 723 5095 

J.T. FILMER 
82 Dartford Road 
Kent DAI 3ER 
Tel. 0322 24057 

KAYS ELECTRONICS 
195 Sheffield Road 
Chesterfield, Derbyshire 
Tel. 0246 31696 

MAPLIN ELECTRONIC 
SUPPLIES LTD. 

P.O. Box 3 

Rayleigh, Essex SS6 8LR 
Tel. 0702 552911 
Shops at: 

159-161 King Street 
Hammersmith 
London W6 
Tel. 01 748 0926 
and 

284 London Road 
Westcliff-on-Sea, Essex 
Tel. 0702 554000 






IF THERE IS A COMPONENT SHOP IN YOUR AREA NOT LISTED BELOW PLEASE LET US KNOW 


IATEAAATIOAAI 

Belgium IndoM/ta 


MAYDALE ELECTRONIC 
SERVICES 
2 Wellesley Parade 
Godstone Road, Whyteleafe 
Surrey CR3 OBL 

MAYS OF CHURCH GATE 
12/14 Church Gate 
Leicester LEI 4AJ 
Tel. 58662 


NOBLE ELECTRONICS 
26 Lloyd Street 
Altringham 
Cheshire WA*14 2DE 
Tel. 061 941 4510 

PHONOSONICS 
22 High Street 
Sidcup, Kent DA14 6EH 
Tel. 01 302 6184 

T. POWELL 
306 St. Pauls Road 
Hip^^ry Corner 
Lot. JiNI 
Tel. 01 226 1489 

QC TRADING 
21 Green Lanes 
Palmers Green 
London N13 4TT 
Tel. 01 889 7593 

RB ELECTRICAL & 
ELECTRONICS 
24 Springfield Park 
Hollyport, Maidenhead 
Berks. 

Tel. 0628 39798 

BRIAN J. REED 
161 St. John's Hill 
Battersea 
London SW11 
Tel. 01 223 5016 

SMITHS OF EDGWARE ROAD 
287/289 Edgware Road 
London W2 1BE 
Tel. 01 723 5891 

SOUND SYSTEMS OF 

sur%K 

10 L ^,6 Street 
Ipswich 

Suffolk IP4 1JB 
Tel. Ipswich 58075 

SWANLEY ELECTRONICS 
P.O. Box 68 
Swanley, Kent 
Tel. 64851 

TECHNOCRAFT 
143 Tankerton Road 
Whitstable, Kent 
Tel. 0227 265097 

TECHNOMATIC LTD. 

17 Burnley Road 
London NW10 
Tel. 01 452 1500 
Telex 922800 

TK ELECTRONICS 

11 Boston Road 
London W7 3SJ 
Tel. 01 579 9794 


TRANSAM LTD. 

59/61 Theobald's Road 

London WC1 

Tel. 01 405 5240/2113 

VERO ELECTRONICS LTD. 
Retail Dept. 

Industrial Estate 
Chandlers Ford 
Hants. S05 3ZR 
Tel. Chandlers Ford 2956 

AREA 4 


THE ELECTRONIC CENTRE 
16 College Square East 
Belfast IN 
N. Ireland 
Tel. Belfast 27357 

WM. B. PEAT & CO. LTD. 
25/26 Parnel Street 
Dublin 
Ireland 

Tel. 749973/4 


neui 

Zealand 

ORBIT ELECTRONICS 
P.O. Box 7176 
Auckland 1 
New Zealand 


VADELEC ELECTRONICS 
24 26 Avenue de I'Heleport 
1000 Bruxelles 
Tel. 02 218 26 40 
Telex 26061 


DANSK MINI RADIO 
Nr. Farimagsgade 
57 59 

1364 Copenhagen K 

AAGE NIELSEN EFTF 
1 Sortedam Dosseringen 
2200 Copenhagen 

HOBBY ELECTRONICS 
37 Nedergade 
5000 Odense 

FREDERIKSHAVE HOBBY 
ELEKTRONIK 
9 Havnegade 
900 Frederikshavn 

WK ELECTRONIC 
6 Skoletorvet 
8600 Silkeborg 

HOLTE ELEKTRONIK 
Holte Midpunkt 
2840 Holte 

LILLIE ELEKTRONIK 
89 Sondergade 
6500 Vojens 

ROTEC 

16 Jernbanegade 
4800 Nykobing Falster 

Finland 

AMERTRONICS OY 
Vesijarvenkatu 33 
SF-15140 Lahti 14 
Finland 

BEBEK ELECTRONICS 
Vesijarvenkatu 34c 
15110 Lahti 11 
Finland 

METREX OY 
PL 91 

50101 Mikkeli 10 
SF Finland 

India 

PRECIOUS ELECTRONICS 
CORPORATION 
3 Chunam Lane 
Dadadsaheb Bhadkamker Marg 
Bombay 400 007 


INELCO 
JL Veteran 71 
Bandung 
Indonesia 


ELCOM 
34170 Gorizia 
Via Angiolina 23 


Iordan 

GENERAL ELECTRONICS 
CORP. 

United Insurance Building 
King Hussein Street 
P.O. Box 182099 
Amman 
Tel. 41075 

Telex 21262 NADERC - JO 


Aorway 

ALFA ELEKTRONIKK 
P.O. Box 118 
N-4480 Kvinesdal 

BLEKEN ELEKTRONIKK A/S 
Raadyrveien 32B 
N-3160 Stokke 
Tel. 033-36162 

ELNOR 
Haldensgt 5 
7000 Trondheim 

f. Africa 

PHILTRON PTY. LTD. 

P.O. Box 2749 
Pretoria 0001 

Sweden 

COILTRONIC 
Box 38 
183 21 Taby 
Tel. 08/768 32 61 

INKOX 

Box 21038 

SI 00 31 Stockholm 

KITEL DISTRIBUTION 

Box 21149 

SI 00 31 Stockholm 


Denmark Italy 



WHO 

Sill 





CONDITIONS OF ACCEPTANCE OF CLASSIFIED ADVERTISEMENTS 




1. Advertisements are accepted 
subject to the conditions appearing 
on our current rate card and on the 
express understanding that the 
Advertiser warrants that the advert¬ 
isement does not contravene any 
Act of Parliament nor is it an in¬ 
fringement of the British Code of 
Advertising Practice. 

2. The Publishers reserve the right 
to refuse or withdraw any advert¬ 
isement. 

3. Although every care is taken, 
the Publishers shall not be liable for 
clerical or printer's errors or their 
consequences. 


4. The Advertiser's full name and 
address must accompany each 
advertisement submitted. 

The prepaid rate for Classified 
Advertisements is 20 pence per 
word (minimum 12 words). Semi¬ 
display setting £5.50 per single 
column centimetre (minimum 2.5 
cms.). All cheques, postal orders, 
etc. to be made payable to 
Elektor Publishers Ltd. Treasury 
notes should always be sent by 
registered post. Advertisements, 
together with remittance, should be 
sent to the Classified Advertisement 
Manager, Elektor Publishers Ltd., 
10 Longport, Canterbury, Kent 
CT1 1 PE. 



Ambit International .UK 08 

Aura Sounds Ltd. UK15 

Doram Electronics Ltd.UK 07 

Electrovalue Ltd. UK17 

Keytronics . UK14 

Maplin.. UK 02 

Marshall's.UK 13 

Microcircuits.UK 12 

G.F. Milward. .HK08 

Monolith Electronics Co. Ltd. . C 09 


PRINTED CIRCUITS. Make your 
own simply, cheaply and quickly! 
Golden Fotolak Light Sensitive 
Lacquer — now greatly improved 
and very much faster. Aerosol cans 
with full instructions - £2.25. Dev¬ 
eloper - 35p. Ferric Chloride - 55p. 
Clear Acetate sheet for master 14p. 
Copper-clad Fibre-glass Board 
approx. 1mm thick - £1.75 sq. ft. 
Post & Packing 60p. 

WHITE HOUSE ELECTRONICS, 
P.O. BOX 19, 

PENZANCE, CORNWALL. 


CLEARANCE PARCELS : 
TRANSISTORS, RESISTORS, 
BOARDS, HARDWARE, 101 lbs. 
only £5.80! 

1000 RESISTORS.£4.25 

500 CAPACITORS.£3.75 

BC108, BC171, BC204, BC230, 
2N5061, CV7497 TRANSISTORS 
10 . . . .70p 100 .. . .£5.80 

2N3055, 10 for £3.50. S.A.E. for 
lists : W.V.E. (4), 

15 HIGH STREET, LYDNEY, 
GLOUCESTER. 


TELEPHONE answering machines 
from £75.00, FLIPPHONES £25.00 
WATCHES, gents and ladies, from 
£5.75. CAR RADIO/CASSETTES, 
BOOSTERS, SPEAKERS, AER¬ 
IALS, WALKIE-TALKIES down to 
earth prices. Send SAE for details: 
H.P. SUPPLIES, 

162 LONDON ROAD, 

WEMBLEY, MIDDX. 


100 IN4148 - £1; 150 Resistors - £1; 
100 Capacitors - £1. P&P 25p. S.A.E, 
lists. DEPT. L, D.B. PRODUCTS, 
P.O. BOX 8, YORK YOI 1 FT. 


MODERN BARGAINS - S.A.E. 
Early radios. 

SOLE ELECTRONICS, 

37 STANLEY STREET, 
ORMSKIRK, LANCS. L39 2DH. 


BALLARD'S, Tunbridge Wells, have 
moved to 54 GROSVENOR ROAD, 
TUNBRIDGE WELLS, KENT. 

Phone 0892 31803. 


PROGRAMMING, UV. EPROMs, 
2708/16/58; 2516/08/32. £3/1K. 

PETRON ELECTRONICS, DEPT. K, 
1 COURTLANDS ROAD, 

NEWTON ABBOT, DEVON. 


1980 ISSUES 62-59-58 REQUIRED 
fair price paid. 

Telephone SHREWSBURY 65748. 


Elektor T.V. GAMES COMPUTER 
for sale - £150 Cased, joysticks. 

Tel. DURHAM 45425 for details. 
W.G. GLEAVE, 64 WOLSINGHAM 
DRIVE, DURHAM CITY. 


TELEPHONE ANSWERING MAC¬ 
HINE. Build your own for under £10 
plus any cassette recorder. Send £3 
for circuit and plans. S.D. CROSS, 
24 THORNEY ROAD, STREETLY, 
SUTTON COLDFIELD, 

WEST MIDLANDS. 


ELF II MICROCOMPUTER, basic 
model, fully constructed and work¬ 
ing, just needs someone to make it 
do something! 

Telephone DOVER 205648. 


Newnes Technical Books .... UK 09 


Phonosonics . UK17 

T. Powell .UK 24 

Ramar . ..UK 08 

Safgan Electronics Ltd.UK 08 

Sinclair Research Ltd. . UK 10/UK 11 

Technomatic Ltd.UK 23 

TK Electronics.UK 19 


-To all subscribers-n 

please note 

See current wrapper of your 
magazine for full details on how to 
obtain a voucher for elektor books. 
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4502 

120p 

4503 

70p 

4507 

55p 

4508 

290p 

4510 

99p 

4511 

150p 

4512 

80 p 

4514 

250p 

4515 

300p 

4516 

110p 

4518 

lOOp 

4520 

lOOp 

4521 

250p 

4526 

108p 

4527 

150p 

4528 

lOOp 

4532 

150p 

4534 

560p 

4536 

375p 

4538 

120p 

4543 

180p 

4553 

320p 

4555 

80p 

4556 

72p 

4560 

200p 

4566 

180p 

4569 

250p 

4572 

40p 

4583 

90p 

4584 

90p 

4585 

130p 

4724 

250p 

40014 

90p 

40085 

200p 

40097 

90p 

14411 

IIOOp 

14412 

IIOOp 

14433 

IIOOp 

14500 

700p 

14599 

290p 

CD22100 

350p 

CD22101 

700p 

CD22102 

700p 

EXPERIMENTOR 

BREADBOARDS 

EXP300 

£5.75 

EXP325 

£1.60 

EXP350 

£3.15 

EXP600 

£6.25 

PROTOBOARDS 

PB6 

£9.20 

PB100 £11.80 

PB102 £22.95 

PB103 £34.45 

DIL SWITCHES 

4 way SPST 

90p 

6 way SPST 

105p 

8 way SPST 

120p 

COUNTERS 


74C925 

550p 

74C928 

600p 

ICM7216B 

2000p 

ICM7217A 

850p 

MK50398N 

750p 

ZN1040E 

700p 


TTLs TEXAS 

7400 HP 

74S00 60p 

7401 1 2 P 

7402 12p 

7403 14p 

7404 14p 

74S04 90p 

7405 18p 

7406 40p 

7407 40p 

7408 17p 

7409 19p 

7410 15p 

7411 24p 

7412 20p 

7413 30p 

7414 50p 

74C14 90p 

7416 27p 

7417 27p 

7420 17p 

7421 40p 

7422 22p 

7423 34p 

7425 30p 

7426 40p 

7427 34p 

7428 36p 

7430 17p 

7432 30p 

7433 40p 

7487 35p 

7438 35p 

7440 17p 

7441 90p 

7442A 7Op 

7443 112p 

7444 112p 

7445 100p 

7446A 93p 

7447A 80p 

7448 80p 

7450 17p 

7451 17p 

7453 17p 

7454 17p 

746Q/ ,- "N 17p 

747f } 36p 

7472 30p 

7473 34p 

7474 30p 

7475 40p 

7476 35p 

7480 50p 

7481 lOOp 

7482 84p 

7483A 90p 

7484 100p 

7485 110p 

7486 34p 

7489 21Op 

7490A 40p 

7491 80p 

7492A 46p 

7493A 40p 

7494 84p 

7495A 7Op 

7496 65p 

7497 180p 

74100 130p 

74104 65p 

74105 65p 

74107 34p 

74109 55p 

74110 55p 

74111 70p 

74116 200p 

74118 130p 

74119 210p 

74120 110p 

74121 28p 

74122 48p 

74123 75p 

74125 55p 

74126 60p 

74128 75p 

74132 75p 

74135^«_ 50p 

7413r^\ 75p 
7414. » 80p 

74142 200p 

74145 90p 

74147 190p 

74148 150p 

74150 lOOp 

74151A 70p 

74153 70 p 

74154 I20p 

74155 90p 

74156 90p 

74157 70p 

74159 I90p 

74160 lOOp 

74161 lOOp 

74162 lOOp 

74163 lOOp 

74164 120p 

74165 130p 

74166 120p 

74167 200p 

74170 240p 

74172 450p 

74173 120p 

74174 90p 

74175 85p 

74176 90p 

74177 90p 

74178 160p 

74180 93p 

74181 160p 

74182 90p 

74184A 150p 

74185 150p 

74186 500p 

74188 325p 


110p 
110p 
110p 
110p 
110p 

95 p 
95 p 

80p 

150p 
150p 

160p 

140p 
250p 
290p 

110p 

140p 
360p 
360p 
150p 
150p 

200p 

lOOp 
lOOp 
lOOp 
lOOp 

200p 
200p 

225p 
74LS SERIES 


74190 

74191 

74192 

74193 

74194 

74195 

74196 

74197 

74198 

74199 
74221 
74251 
74259 

74278 

74279 

74283 

74284 

74285 
74290 
74293 
74298 

74365 

74366 

74367 

74368 
74390 
74393 
74490 


74LS00 

74LS02 

74LS03 

74LS04 

74LS05 

74LS08 

74LS09 

74LS10 

74 LS11 

74LS12 

74LS13 

74LS14 

74LS15 

74LS20 

74LS21 

74LS27 

74LS30 

74LS32 

74LS33 

74LS37 

74LS38 

74LS42 

74LS47 

74LS51 

74LS55 

74LS73 

74LS74 

74LS75 

74LS76 

74LS83 

74LS85 

74LS86 

74LS90 

74LS92 

74LS93 

74LS96 

74 LSI 07 

74 LSI 09 

74 LSI 12 

74LS1 13 

74LS114 

74 LSI 22 

74LS123 

74 LSI 24 

74LS125 

74 LSI 26 

74LS132 

74LS133 

74LSI 36 

74LS138 

74S138 

74LS139 

74LS145 

74LS147 

74LS148 

74LS151 

74LSI 53 

74LSI 54 

74LS155 

74 LSI 56 

74LS157 

74LSI 58 

74LSI 60 

74 LSI 61 

74 LSI 62 

74 LSI 63 

74 LSI 64 

74 LSI 65 

74 LSI 66 

74LS170 

74LSI 73 

74LSI 74 

74LS175 

74LS181 

74LSI 90 

74LS191 

74LS192 

74 LSI93 

74 LSI 94 

74 LSI 95 

74 LSI96 

74 LSI97 

74LS221 

74LS240 

74LS241 

74S241 

74LS242 

74LS243 

74LS244 

74LS245 

74LS247 

74LS248 

74LS249 

74LS251 

74LS253 

74LS257 


14p 

16p 

18p 

16p 

25p 

22p 

22p 

20p 

30p 
30 p 
40p 
50p 
45p 

20p 

40p 

38p 

20p 

27p 
27p 
36 p 
36p 
70p 
75p 
24p 

60 p 

50p 

27p 

36p 

45p 

70p 

80p 

40 p 
40p 
70p 

60p 

110p 

45p 

80p 

lOOp 

90p 

45p 

80p 

60p 

180p 

60p 

60p 

95p 

30p 

55p 

65p 

200p 

75p 

120p 

220p 

175p 

lOOp 

60p 

200p 

90p 

90p 

60p 

90p 

130p 

75p 

140p 

lOOp 

90p 

140p 

180p 

300p 

110p 

90p 

110p 

320p 

lOOp 

lOOp 

lOOp 

lOOp 

120p 

140p 

120p 

120p 

140p 

175p 

175p 

400p 

170p 

170p 

150p 

250p 

140p 

140p 

140p 

140p 

140p 

120p 


74LS258 

74LS259 

74LS266 

74LS273 

74LS279 

74LS283 

74LS298 

74LS299 

74LS323 

74LS324 

74LS348 

74LS365 

74LS367 

74LS368 

74LS373 

74LS374 

74LS375 

74LS377 

74LS378 

74LS390 

74LS393 

74LS399 

74LS445 

74LS640 

74LS641 

74LS642 

74LS643 

74LS644 

74LS668 

74LS669 

74LS670 


160p 

160p 

lOOp 

175p 

90p 

180p 

160p 

400p 
400p 

200p 

200p 

48 p 
70p 
lOOp 
150p 
150p 

120p 
160p 
200p 
120p 
120p 
200p 

140p 
500p 
500p 
500p 
500p 
500p 
lOOp 
lOOp 
400p 


4000 

4001 

4002 

4006 

4007 

4008 

4009 

4010 

4011 

4012 

4013 

4014 

4015 

4016 

4017 

4018 

4019 

4020 

4021 

4022 

4023 

4024 

4025 

4026 
4927 

4028 

4029 

4030 

4031 

4033 

4034 

4035 

4036 

4037 ' 

4038 

4039 

4040 

4041 

4042 

4043 

4044 

4045 

4046 

4047 

4048 

4049 

4050 

4051 

4052 

4053 

4054 

4055 

4056 

4059 

4060 
4063 

4066 

4067 

4068 

4069 

4070 

4071 

4072 

4073 

4075 

4076 

4077 

4081 

4082 
4086 
4089 

4093 

4094 

4095 

4096 

4097 

4098 

4099 

40100 

40101 

40102 

40103 

40104 

40105 

40106 

40107 

40108 

40109 

40110 
40114 


Please add VAT at 15% 

(Export NO VAT) 

P & P 3Op 

NEW RETAIL SHOP 
367 Edgware Road, W2 


15p 

20p 

20p 

95p 

18p 

80p 

40p 

50p 

20p 

18p 

50p 

84p 

84p 

45p 

80p 

89p 

45p 

lOOp 

110p 

lOOp 
27 p 
50p 

20p 
160p 

50p 

84p 

lOOp 

55p 

200p 

180p 

200p 

110p 

340p 
115p 

120p 

340p 

lOOp 

80p 

80p 

90p 

90p 

180p 

110p 

lOOp 
55p 
45p 
45 p 

80p 

80p 

80p 

150p 
125p 
135p 

600p 

115p 

120p 

55p 

450p 

22p 

25p 

30p 

22p 

22p 

22p 

22p 

107p 

50p 

22p 

22p 

72p 
150p 
70p 
250p 
95 p 
95 p 
340p 

120p 

180p 

220p 

132p 

180p 

1 

99p 

120p 

90 P 

60p 

470p 
lOOp 
300p 
250p 


LINEAR I.Cs 
AY 1 -0212 600p 

AY1-1313 668p 

AY1-1320 320p 

AY1-5050 140p 

A Y3-8910 800p 

AY3-8912 650p 

AY5-1224A 240p 
AY5-1315 600p 

A Y1 5-131 7A775p 
AY5-4007D 520p 
CA3019 80p 

CA3046 70p 

CA3048 225p 

CA3080E 72p 

CA3086 48p 

CA3089E 225p 

CA3090AQ 375p 
CA3130E 90p 

CA3140E 50p 

CA3160E lOOp 
CA3161E 140p 

CA3162E 450p 

CA3189E 300p 

DAC1408-8 200p 
FX209 750p 

HA1388 270p 

ICL7106 850p 

ICL8038 300p 

LF13331 310p 

LF351 48p 

LF356P 95p 
LM10C 425p 
LM301A 27 p 
LM311 75p 

LM318 200p 

LM319 225p 

LM324 45p 

LM339 75p 

LM348 95p 

LM358P 75p 
LM377 175p 

LM380 75p 

LM381AN 180p 
LM386 95p 

LM387 120p 

LM393 lOOp 
LM709 36p 

LM710 50p 

LM725 350p 

LM733 lOOp 
LM741 18p 

LM 747 70p 

LM748 35p 

LM2917 250p 

LM3900 70p 

LM3909 95p 

LM3911 130p 

LM3914 225p 

LM3915 225p 

LM 13600 125p 

MB3712 200p 

MC1310P 150p 

MC1458 48p 

MC1495L 350p 


MCI 496 70p 

MC3340P 120p 

MK50398 750p 

ML920 800p 

MM57160 620p 

NE531 150p 

NE555 22p 

NE556 70p 

NE562B 425p 
NE564 420p 

NE565 130p 

NE566 155p 

NE567 140p 

Nf 571 425p 

• NE5534A 250p 

RC4136 120p 

RC4151 200p 

S566B 270p 

SAD1024A 1250p 
SFF96364 IIOOp 
SL490 350p 

SN76477 175p 

SP8515 750p 

TA7205 200 p 

TAA621 275p 
TBA641B11 300p 
TBA651 200p 
TBA800 90p 
TBA810 lOOp 
TBA820 90p 
TBA950 300p 
TCA220 350p 
TCA940 175p 
TDA1004A 300p 
TDA1008 320p 

TDA1010 225p 

TDA1022 600p 

TDA1024 120p 

TDA1034B 250p 
TDA1170 300p 

TDA2002V 325p 
TDA2020 320p 

TL071/81 45p 

TL072/82 75p 

TL074 130p 

TL084 110p 

TL170 50p 

UAA170 170p 
UDN6118 320p 

UDN6184 320p 

ULN2003 lOOp 
XR2206 300p 

XR2207 400p 

XR2211 600p 

XR2216 675p 

ZN414 90p 

ZN419C 225p 
ZN424E 135p 
ZN425E 400p 
ZN427 750p 

ZN1034E 200p 

95H90 800p 

11C90 1400p 


TTL& ECL 

MC4024 325p 

MC4044 325p 

10116 70p 

10231 350p 


VOLTAGE REGULATORS 
Fixed Plastic T^220 


+ ve 

7305 

7806 

7808 

7812 

7815 

7818 

7824 


60p 

70p 
7 Op 

60p 

60p 

70p 

70p 


7905 

7906 
7908 
7912 
7915 
7918 
7924 


100mA +ve TO-92 

5v 78L05 30p 79L05 

12v 78L12 30p 79L12 

15v78L15 30p 79L15 

OTHER REGULATORS 


65p 

80p 

80p 

65p 

70p 

80p 

80p 


7 Op 
7 Op 
7 Op 


LM309K 

LM317T 

LM323K 

LM723 

78GUIC 

78H05 

78HGKC 


140p 

200p 

500p 
37p 

200p 

550p 


78MGT2C 14 °P 
79GUIC 225p 
79HGKC 650p 
78P05 900p 

RC4195NB 150p 


600p TL497 


300p 


OPTOELECTRONICS 

2N5777 45p ORP60 

0CP71 250p 0RP61 


90p TIL78 


120p 

120p 

55p 


OPTO-ISOLATORS 
ILD74 130p 

MCT26 lOOp 

MSC2400 190p 

LEDS 
0.125" 

TIL32 55p 

TIL209 Red 13p 
TIL212 Ye 25p 
TIL211 Gr 20p 
TIL216 Red 18p 
DISPLAYS 
3015F 200p 

DL704 140p 

DL 707 Red 140p 
DL707 Gr 140p 
DL 747 Red 225p 
DL 747 Gr 225p 
FND357 120p 

FND500 120p 

FND507 120p 

MAN3640 175p 

MAN4640 200p 

MAN6610 300p 


TIL111 90p 

TIL112 90p 

TIL116 90p 

0 . 2 " 

TIL220 Red 16p 
TIL222 Gr 18p 
TIL228 Ye 22p 
Rectangular 
LEDS (R. G. Y) 30p 


NSB5881 

TIL311 

TIL312/3 

TIL321/2 

TIL330 

7750/60 

DRIVERS 

9368 

9370 

UDN6118 

UDN6184 


570p 

600p 

110p 

130p 

140p 

200p 

250p 

300p 

320p 

320p 


CPU's 
1600 
1802C 
2650A 
6502 
6800 
6802 
6809 
INS8060 
8080A 
8085A 
Z80 
Z80A 
SUPPORT 
DEVICES 

3242 
6522 
6532 
6820 
6821 
6850 
6852 
8205 
8212 
8216 
8224 
8228 
8251 
8253 
8255 
8257 
8259 
Z80PI0 
Z80AP10 
Z80CTC 
MC14411 
MCI 4412 


1200p 

700p 

1600p 

700p 

650p 

900p 

2000p 

IIOOp 

450p 

IIOOp 

600p 

800p 


800p 

650p 
900p 
375p 
340p 
300p 
375p 
320p 

200p 
200p 

275p 

525p 

475p 

lOOOp 

450p 

950p 

lOOOp 

600p 
800p 

650p 

IIOOp 

IIOOp 


MEMORIES 

INTERFACE ICS 

2101-4L 

400p 

AD536A 

1300p 

2102-2L 

120p 

AD558 

775p 

2107B 

500p 

AD561J 

1400p 

2111-4L 

400p 

DM8123 

175p 

2112-2L 

300p 

DM8131 

375p 

2114L 

300p 

DP8304 

450p 

2114L-3 

450p 

DS8835 

250p 

2114L-2 

500p 

DS8836 

150p 

4027 

375p 

DS8838 

225p 

4044 

700p 

MCI 488 

75p 

4116L-2 

300p 

MCI 489 

75p 

4118 

1200p 

MC 3446 

325p 

5101 L 

350p 

25S10 

350p 

6810 

325p 

3242 

800p 

PROMS 


3245 

450p 

71301 

700p 

58174 

1300p 

74S18R 

275p 

75107 

160p 

74S201 

350p 

75110 

250p 

74S287 

350p 

75150 

250p 

74S387 

350p 

75154 

250p 

74S470 

600p 

75182 

230p‘ 

74S471 

600p 

75324 

375p 

74S571 

650p 

75361 

300p 

74S573 

900p 

75363 

400p 

82S123 

300p 

75365 

250p 

82S137 

750p 

75451/2 

72p 

93427 

400p 

75491/2 

72p 

93436 

650p 

8T26 

160p 

93446 

650p 

8T28 

160p 

93448 

900p 

8T95 

160p 

EPROMS 


8T97 

160p 

1702A 

600p 

81LS95 

120p 

2516(+5v) 

900p 

81LS96 

140p 

2708 

450p 

81LS97 

120p 

2716(+5v) 

900p 

81LS98 

140p 

2532(+5v) 

1500p 

9601 

110p 



9602 

220p 


UARTS 

AY-3-1015D 
AY-5-1013A 
IM6402 
TMS601 INC 


CHARACTER 

GENERATOR 

3257ADC 

RO-3-2513U.C. 

RO-3-2513L.C. 

74S262AN 

KEYBOARD 

ENCODER 

AY-5-2376 
74C 922N 


CRT CONTROLLER 
MC6845 1600p 

MC6847 lOOOp 

SFF96364 IIOOp 

TMS9918 6000p 


450p 

400p 

450p 

400p 


lOOOp 

650p 

700p 

lOOOp 


700p 

500p 


MISC 

6Mhz UHF MOD. 
8Mhz UHF MOD. 
16 Key Pad 
Printer 

SI00 Busboard 
DIN41612 Skt. 
DIN41612 Plug 
43 way Edge Con 
31 way Plug 0.1 
31 way Skt. 0.1 


350p 

450p 

450p 

6000p 

1500p 

360p 

250p 

250p 

120p 

120p 


Junior Computer Complete Kit 


Memory Mapped VDU Interface Kit 
Serial I/P VDU Interface Kit 


UK (inc. VAT and P&P) £115 
OVERSEAS (inc. P&P) £105 
£45 plus VAT 
£56 plus VAT 


ACORN ATOM: This kit is supplied with full size QWERTY Key¬ 
board, 8K ROM, 2K RAM and can be expanded on board to 12K 
ROM, 12K RAM. Also included are UHF Modulator for connection 
to domestic TV and Free Manual on Programming in BASIC and 
Machine Code. KIT £120, BUILT £150 

SOFTY: Ideal software/Hardware development tool. You can 
develop your programmes, De-bug/Verify and then commit them to 
EPROM. KIT £100 

Also available expansion board for programming single rail EPROMS 

BUILT £40 

MINI FLOPPY DISC DRIVE: Teac FD-50A 40 track 5 1 /k" Double/ 
Single Density Drive £150 

FLOPPY DISC CONTROLLER: FD1771 £24 FD1791 £36 


PCBs FOR MOST ELEKTOR PROJECTS AVAILABLE 


Programmed 2708 for Disco Lights (Elektor Jan. 81) 


TRANSISTORS 

MJ2955 90p 

MJ3001 225p 


40p 

40p 

40p 

18p 


BC107/8 lip 
BC109/C 12p 
BC140 40p 

BC141 
BC160 
BC161 
BC177 
BC178/9 20p 
BC182/L 9p 
BC183/L 9p 
BC184/L 9p 
BC212/L 9p 
BC213/L 9p 
BC214/L 9p 
BC327 16p 

BC337 16p 

BC338 16p 

BC477 30p 

BC516/7 40p 
BC547B 
BC548B 12p 
BC549C 18p 
BC557B 16p 
BC558B 12p 
BC559C 18p 
BCY70 18p 
BC Y71 12 22p 
BD131/2 50p 
BD135/6 50p 
BD139 50p 

BD140 50p 

BD241B 70p 
BD242B 70p 
BF244B 40p 
BF256B 70p 
BF257/8 36p 
BF259 40p 

BF337 30p 

BFT66 200p 
BFY50/1 30p 
BFY52 30p 
BFY90 90p 
MJ2501 225p 


MJE2955 130p 
MJE3055lOOp 
MPF102 40p 
MPF103/4 35p 
MPF105 35p 
MPSA12 50p 
TIP29AC 45p 
TIP30A/C 50p 
TIP31A/C 60p 
TIP32A/C 75p 
TIP35C 290p 
TIP36C 340p 
TIP41A/C 72p 
TIP42A/C 
TIP2955 90p 

TIP3055 70p 

2N918 45p 

2N2160 350p 
2N2219A 30p 
2N2222A 30p 
2N2646 45p 
2N2905A 30p 
2N3053 30p 

2N3054 
2N3055 50p 

2N3442 140p 

2N3702/3 12p 
2N3704/5 12p 
2N3773 300p 
2N3819 22p 

2N3820 40p 

2N3866 lOOp 
2 N3904/6 18p 
2N4871 60p 

2N5245 40p 

2N5457/8 40p 
2N5459 40p 

2N6027 48p 

3N128 120p 

3N140/1 120p 
40673 85p 

40871/2 lOOp 


D1GITAST SWITCHES 


Any colour 
With LED 


60p 

90p 


12p 

9p 

9p 

lOp 

4p 

4p 


DIODES 

BY127 
OA47 
OA91 
OA202 
IN914 
IN4148 
IN4001/2 5p 
IN4003/4 6p 
IN4006/7 7p 
IN5401/3 1 4p 
IN5404/7 18p 
IS920 9p 
BRIDGES 

1 A 50 V 19p 
1A 100V 20p 
1 A 600V 30p 
2A 50V 30p 

2A 100 V 35p 
2A 400V 45p 
3 A 200V 60p 
4A 100V 95p 
4A 450V lOOp 
6A 50 V 80p 
6A 100V lOOp 
6A 400V 120p 
10A100V 200p 


ZENERS 

2.7V-33V 
400MW 
1 W 

TRIACS 
Plastic 
3A 400V 
6A 400V 70p 

6 A 500 V 90p 


TI206D 

TI226D 

SCRS 


C106D 

MCR101 

T1C44 

2N3525 

2N4444 


CRYSTALS 

lOOKHz 

200KHZ 

1MHz 

1,008MHz 

1,843MHz 

2.0MHz 

2.457MHz 

3.276MHz 

3.57945MHz 

4.0MHz 

4.19MHz 

4.43MHz 

6.0MHz 

7.0MHz 

8.0MHz 

8.867MHz 

10.7MHz 

18MHz 

26.690MHz 

27.145MHz 

SOCKETS HC6U 


300p 
300p 
37 Op 
370p 
350p 
300p 
370p 
350p 

200p 

350p 
350p 
350p 
350p 
350p 
350p 
400p 
350p 
300p 
21 Op 
21 Op 

16p 


LOW PROFILE DIL SOCKETS BY TEXAS 


8 pm 

9p 

18 pm 

16p 

24 

pm 

24p 

14 pin 

lOp 

20 pin 

20p 

28 

pin 

30p 

16 pin 

Up 

22 pin 

22p 

40 

pm 

40p 

WIRE WRAP SOCKETS BY 

TEXAS 




8 pin 

30p 

18 pin- 

50p 

24 

pm 

70p 

14 pin 

35 p 

20 pin 

60p 

28 

pm 

80p 

16 pm 

40p 

22 pm 

65p 

40 

pin 

lOOp 


EDGE CONNECTORS 0.156" 



Government, Colleges, etc. 
orders accepted. 

Callers Welcome 
Monday-Friday 9.30-5.30 
Saturday 10.30-4.30 


ANTEX SOLDERING IRONS 


C-15 

£4.00 

Spare Bits 

50p 

CCN-15 £4.20 

Spare Elements 

£2.00 

CX-17 

£4.20 

Stand ST3 

£1.60 

X25 

£4.20 



Solder 

Sucker: Major £7.50 Minor £6.00 

* 

SPECIAL OFFER 

* 


2114L-4 

£1.90 



2708 

£3.90 



2716 (+5V) £4.75 



4116L-2 

£1.90 


(Offer subject to stocks) 


LOGIC PROBES 

IC TEST CLIP 


LP1 

£31 

16 Pin 

£2.75 

LP2 

£18 

24 Pin 

£4.90 

LP3 

£49 

40 Pin 

£7.90 

VEROBOARDS 

COPPER CLAD 0.1" 

VQ Board £1.20 

2Vi" x 3%" 

66p 

DIP Board £2.90 

3%" x 5" 

86p 

DIP Board £3.90 

2V' x 5" 

75p 

(31 way edge) 

Other sizes available 


BOOKS (NO VAT) 

Texas TTL Data Book £7.00 

TTL Cookbook £7.15 

CMOS Cookbook £7.50 

Cheap Video Cookbook £6.00 

6502 Applications Book £8.95 

Microprocessor Interfacing Techniques £9.95 

Programming 6502 £7.95 

300 Circuits £1.95 

SC/MP (1) -ELEKTOR £3.00 

Texas Power Data Book £4.50 

Texas Linear Control Data Book £3.00 

Software Design for Microprocessors £11.00 

Understanding Microprocessors £3.50 

Understanding Solid State Electronics £3.50 

Understanding Digital Electronics £3.50 

Understanding Communications SystemsT.B.A. 


Please add £1 P&P on each book. 


VIC LTD 


17 BURNLEY ROAD, LONDON NW10 

(2 minutes Dollis Hill tube station, ample street parking) 

Tel. 01-452 1500,01-450 6597. Telex 922800 








































r 

LINEAR 

- 1 



SAS 570 

150p 



SAS 660 

270p 

CA 3039 

70p 

SAS670 

2E3p 

CA 3046 

70p 

SL 01 >6 

650p 

CA 3060 

22bp 

SN 76003N 

170p 

CA 3065 

200p 

SN 76013N 

150p 

CA 3076 

250p 

SN 7601 3ND 130p 

CA 3080 

75p 

SN 76023N 

1 50p 

CA 3084 

250p 

SN 76023ND130p 

CA 3085 

80p 

SN 76033N 

180p 

CA 3086 

50p 

SN 76131N 

115p 

CA 3088 

185p 

SN 76227N 

150p 

CA 3089 

225p 

SN 76228N 

160p 

CA 3090AQ 

400p 

SN 76660N 

85p 

CA 3123E 

200p 

SN 76666N 

lOOp 

CA 3130 

lOOp 

TAA 300 

250p 

CA 3140 

70d 

TAA 350 

250p 

CA 3161 E 

150p 

TAA 550 

35p 

CA 3162R 

450p 

TAA 570 

250p 

CA 3189E 

250p 

TAA 661 B 

1 50p 

FX 209 

760p 

TAA 700 

340p 

LD 130 

460p 

TAA 790 

340p 

LF 356 

90p 

TAD 100 

1 50p 

LF 357 

90p 

TAD 110 

130p 

LM 21 1 H 

240p 

TAD 1 20A 

60p 

LM 300T05 

1 70p 

TBA 120S 

70p 

LM 301 AN 

30p 

TBA 120T 

90p 

LM 301 T05 

45p 

TBA 480Q 

190p 

LM 304 

190p 

TBA 520Q 

190p 

LM 307N 

60p 

TBA 530Q 

190p 

LM 308T05 

lOOp 

TBA 540 

220p 

LM 308DIL 

lOOp 

TBA 550Q 

250p 

LM 309K 

140p 

TBA 560C 

240p 

LM 310TO5 

1 50p 

TBA 641 A1 

2 250p 

LM 31 1T05 

150p 

TBA 700 

200p 

LM 31 7K 

350p 

TBA 720Q 

240p 

LM 324 

7 Op 

TBA 750Q 

200p 

LM 339 

70p 

TBA 800 

90p 

LM 348N 

90p 

TBA 810 

lOOp 

LM 380 

80p 

TBA 820 

80p 

LM 381 

150p 

TBA 920Q 

290p 

LM 382 

120p 

TCA 270S 

250p 

LM 391 

170p 

TCA 270Q 

250p 

LM 555 

25p 

TCA 760 

300p 

LM 565 

125p 

TCA 4500A 

300p 

LM 709C 

40p 

TDA 1004 

300p 

LM 710T05 

65p 

TDA 1008 

320p 

LM 710DIL 

65p 

TDA 1022 

600p 

LM 723T05 

40p 

TDA 1024 

125p 

LM 723DIL 

40p 

TDA 1034 

250p 

LM 733 

120p 

TDA 2002 

320p 

LM 739 

1 50p 

TDA 2020 

320p 

LM 741 

20p 

TL 081 

50p 

LM 747 

70p 

TL 082 

lOOp 

LM 748 

40p 

TL 083 

11 Op 

LM 1303N 

95p 

TL 084 

130p 

LM 1458 

60p 

UAA 170 

200p 

LM 3900 

60p 

XR 320 

250p 

LM 3909 

70p 

XR 2003 

150p 

MC 1 31 OP 

150p 

XR 2206 

400p 

MC 1312P 

160p 

XR 2207 

400p 

MC 1314P 

190p 

XR 2208 

590p 

MC 1315P 

230p 

XR 2216 

675p 

MK 50398 

650p 

XR 2264 

440p 

MM 5314 

380p 

XR 2265 

440p 

MM 5316 

470p 

XR 2267 

250p 

NE 529K 

150p 

XR 4136 

150p 

NE 555 

25p 

XR 4151 

350p 

NE 556 

70p 

XR 4202 

150p 

NE 562B 

420p 

XR 4212 

150p 

NE 566 

160p 

XR 4739 

150p 

NE 567 

170p 

ZN 414 

95p 

SAD 1024 ' 

1400p 

ZN 1C34E 

200p 

SAS 560 

k. - 

155p 

95H90 

800p 

—4 


14p 4047 

14p 4048 

15p 4049 

90p 4050 


50p 4066 

80 p 4068 
45p 4069 

80p 4070 

80p 4071 

50p 4072 

lOOp 4075 
95p 4077 

25p 4081 

55p 4082 

20p 4093 

150p 4501 


lOOp 4511 
60p 4516 

lOOp 4518 


95p 4583 

1 20p 


CAPACITORS 


7p 47/10 
7p 47/16 
7p 47/25 
7p 47/35 
7p 47/50 
7p 100/10 
7p 100/16 
7p 100/25 
7p 100/50 
7p 100/63 
7p 220/16 
7p 220/25 
7p 220/50 
7p 330/25 
7p 330/36 
7p 330/50 
7p 470/10 
7p 470/25 
7p 470/35 
7p 470/50 
7p 1000/16 
8p 1000/25 
7p 1000/35 
8p 1000/40 
8p 1000/63 
8p 1200/63 
9p 2200/10 


ELEKTOR MAGAZINES 
Good selection Back Issues 


1 2p 74104 
12p 74105 
12p 74107 
12p 74109 
12p 74120 
18p 74121 
30p 74122 


18p 74126 
12p 74128 
20p 74130 


50p 74135 
30p 74136 
30p 74137 
16p 74141 
30p 74142 


30p 74145 
40p 74147 

30p 74148 
35p 74150 


40p 74154 
30p 74155 

35p 74156 
15p 74157 
70p 74160 
70p 74161 
115p 74162 
115p 74163 
lOOp 74164 
95p 74165 
60p 74166 
60p 74167 
18p 74170 
18p 74173 
18p 74174 

18p 74175 

18p 74176 
30p 74177 

30p 74178 
35p 74179 


85p 74185 
75p 74188 
80p 74190 
lOOp 74191 
75p 74192 
35p 74193 
200p 74194 
35p 74195 

80p 74196 
40p 74197 

35p 74198 
85p 74199 

70p 74293 
60p 74L500 
190p 74S112 


Elektor 300 Circuits 
for the Home Constructor 

Book contains 250 pages of 
300 interesting projects. 

Price £1.95 plus 50p p & p. 


TANT. BEADS 

35V 20p 3.3/16V 

>/35V 20p 4.7/16V 

>/35V 20p 4.7/25V 

J/35V 20p 4.7/35V 

'/10V 20p 6.8/6V3 

'/35V 20p 6.8/35V 

5/35 V 20p 10/35V 

I/10V 20p 22/15V 

J/35V 20p 33/16V 

35V 20p 47/3V 

25V 20p 47/16V 

35 V 20p 100/3V 

100/10V 


POLY CAPS 


5p 0.1 

5p 0 22pF 

5p 0.33 pF 

5p 0.47 pF 

5p 1.0 pF 


Personal callers please ring 
to check availability of kits. 


POWER SUPPLY 


ELEKTOR KITS 

Elektor kits include components and printed circuit board(s) as 
described in original articles together with any additional items 
as stated in "Missing Link". 

Kits can be supplied without boards. 

Calculate price of these by deducting cost of P.C.B. from 
current Elektor magazine prices. 


VHF/UHF TV Modulator 9967 £5.50 

Nicad Charger 79024 .£13.50 

Elektornado 100 Watt Amplifier 9874 .£15.50 

Power Supply, Fleatsink etc. for above .£19.00 

Consonant 9945, includes Transformer .£35.00 

Preconsonant 9954 £5.40 

Disco Ceiling Lights 81012 P.O.A. 

Cassette Interface 9905 £14.00 

Sound Pressure Meter (less microphone) 81072 .P.O.A. 

200 Watt Raw Power Amplifier 81082 .P.O.A. 

Power Supply and Fleatsinks for above VI ..P.O.A. 

Power Supply and Fleatsinks for above V2 .P.O.A. 

Equaliser 9832 .£17.00 

Mini Mixer 81068 .P.O.A. 

Swinging Poster 81073/81073P .P.O.A. 

V/Fet Amplifier 80505 P.O.A. 

Guitar Preamplifier 77020 .£6.00 

D.J. Killer 79505 £6.75 

Ultrasonic Transmitter for Headphones 79510 .£6.50 

Ultrasonic Receiver for Headphones 79511 £8.25 

Touch Dimmer 78065 .£6.50 

Function Generator 9453 £25.25 

State Variable Filter 80525 P.O.A. 

Laboratory Power Supply 2.5 Amp 79034 .£31.00 

ULP Amplifier 80530 P.O.A. 

Telephone Amplifier 9987 .£11.00 

Parametric Equalizer 9897 1/2 .£27.50 

Super Tiny Amplifier80543 P.O.A. 

Variable Power Supply 0 - 50v, 2 Amp 80516 P.O.A. 

Audio Analyser 9932 ..£14.00 

PROM Programmer 80556 . P.O.A. 

Shop Window Lighting 80515/1/2 P.O.A. 

Cackling Egg Timer 9985 .£7.25 

Power Flasher 78003 .£3.20 

Super-regenerative Receiver 80506 .£12.25 


CAPS 


35p 

4700/40 

65p 

50p 

4700/63 

135p 

80p 

4700/70 

145p 

50p 

10.000/10 

lOOp 

50 p 

1 0 000/25 

150p 

lOOp 

1 5.000/1 5 

150p 

50p 

22,000/25 

250p 


COMPUTER CAPS 


2200 100V 200p 
3300/70V 250p 

3300/ 100V 300p 
4700/70V 250p 

4700/100V 350p 
5600,70V 400p 

6800/70V 420p 


Analogue Reverb Using 1 x SAD 1024 9973 

Ring Modulator 79040 . 

Clap Switch 79026 . 

Chorosynth 80060 . 

Luxury Transistor Tester 80077 :. 

VOX 80138 . 

Musical Box 80502 . 

Active Car Aerial, with case 80018 . 

Guitar Frequency Doubler 80065 . 

Kirlian Camera 4523/9831 . 

Colour Generator 80027 . 

Car Ignition, with case 80084 . 

Simple Sound Effects 79077 . 

Electronic Nuisance 80016 . 

Steam Train 80019 . 

Sewar 80009 .. 

Aerial Amplifier 80022 . 

Talk Funny 80054 . 


£25.00 
£6.70 
£5.00 
£50.00 
P.O.A. 
P.O.A. 
P.O.A. 
£17.00 
£5.00 
£19.25 
£16.50 
£21.95 
. . £5.25 
£3.50 
.. £5.75 
£16.20 
£5.25 
£8.50 
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SEMI 

1 

-CONDUCTORS 

AA 119 

20p 

BD 608 

80p ! 

AAZ 17 

30p 



AC 126 

20p 



AC 127 

20p 

BD 679 

75p 

AC 128 

20p 

BD 680 

75p 

AD 149 

80p 

8DX 42 

5Qp 

AD 161 

30p 

BF 167 

35p 

AD 162 

30p 

BF 173 

20p 

AD 161 / 2 

/IP. 

BF 178 

30p 


70p 

BF 179 

30p 

AF 139 

35p 

BF 180 

30p 

AF 239 

45p 

BF 181 

30p 

AF 279 

50p 

BF 182 

30 p 

BB 104 

60p 

BF 183 

30p 

BB 105 

35p 

BF 184 

20p 

BB 106 

50p 

BF 185 

40p 

BB 110 

45p 

BF 186 

25p 

BC 107 

lOp 

BF 194 

lOp 

BC 107B 

13p 

BF 195 

lOp 

BC 108 

lOp 

BF 196 

lOp 

BC 1 08B 

13p 

BF 197 

lOp 

BC 108C 

15p 

BF 198 

25p 

BC 109 

lOp 

BF 199 

25p 

BC 1 09B 

13p 

BF 200 

30p 

BC 1 09C 

15p 

BF 224 

20p 

BC 140 

35p 

BF 244B 

35p 

BC 141 

30p 

BF 257 

30p 

BC 142 

30p 

BF 258 

30p 

BC 143 

30 p 

BF 259 

35p 

BC 147 

lOp 

BF 337 

35p 

BC 1 47B 

13p 

BF 451 

25p j 

BC 1 47C 

15p 

BF 458 

50p 

BC 148 

lOp 

BF 494 

30p 

BC 1 48C 

15p 

BF 495 

30p 

BC 149 

lOp 

BF 900 

200p 

BC 1 49C 

15p 

BFW 61 

135p 

BC 157 

lOp 

BF Y 50 

20p 

BC 158 

lOp 

BFY 51 

20p 

BC 159 

lOp 

BFY 52 

20p 

BC 160 

30p 

BFY 90 

75p 

BC 161 

30p 

BPW 34 

250p 

BC 1 67A 

12p 

BRY 39 

35p 

BC 168C 

14p 

BRY 56 

35p 

BC 169C 

15p 

BSX 20 

25p 

BC 171 

1 2p 

SU 205 

150p 

BC 172 

12p 

BU 208 

220p 

BC 177 

1 5p 

BY 126 

1 5p 

BC 1 77B 

1 8p 

BY 127 

15p 

BC 178 

1 5p 

BYX 94 

8p 

BC 179B 

1 5p 

E 100 

42p 

BC 1 79C 

18p 

E 300 

' ?p 

BC 182 

lOp 

E 310 


BC 1 82L 

12p 

E 420 

A 

BC 183 

lOp 

E 430 

.z5p 

BC 183L 

12p 

E 501 

95p 

BC 184 

lOp 

MJ 2955 

120p 

BC 1 84 L 

1 2p 

MJE 340 

65p 

BC 21 2L 

12p 

MJE 2955 

120p 

BC 213L 

12p 

MJE 3055 

lOOp 

BC 214L 

12p 

MPS A05 

30p 

BC 237 

12p 

MPS A06 

32p 

BC 237B 

15p 

MPS A56 

32p 

8C 300 

30p 

MPS U51 

65p 

BC 301 

30p 

TIP 29A 

35p 

BC 303 

30p 

TIP 29C 

40p 

BC 328 

18p 

TIP 30 

35p 

BC 337 

BC 338 

BC 516 

BC 517 

BC 547 

BC 547B 

1 8p 
18p 

35p 

35p 

1 2p 

13p 

TIP 30C 
TIP 31 A 
TIP 31 B 
TIP 32 

TIP 35C 
TIP 41 A 

45p 

45p 

50p 

40p 

225p 

70p 

BC 548 

12p 

TIP 42A 

80p 

BC 548C 

14p 

TIP 1 22 

80p 

BC 549 

12p 

TIP 2955 

80p 

BC 549C 

14p 

TIP 3055 

60p 

BC 557 

13p 

TIS 88A 

25p 

BC 557B 

15p 

VN 88AF 

120p 

BC 558 

15p 

IN 914 

4p 

BC 559 

15p 

IN 4001 

5p 

BC 559C 

20p 

1 N 4002 

5p 

BC 560C 

20p 

IN 4003 

5p 

BCY 70 

18p 

1 N 4004 

6p 

BCY 71 

1 8p 

IN 4005 

6p 

BCY 72 

18p 

1 N 4006 

6p 

BD 131 

40p 

IN 4007 

7p 

BD 132 

40p 

2N 1 711 

25p 

BD 133 

45p 

2N 2219A 

25p 

BD 135 

35p 

2N 2646 

50p 

BD 136 

35p 

2N 2905 

25p 

BD 137 

40p 

2N 2906 

25p 

BD 138 

45p 

2N 2907 

25p 

BD 139 

40p 

2N 3553 

250p 

BD 140 

40p 

2N 3819 

25p 

BD 144 

160p 

2N 4427 

600p 

BD 181 

160p 

2N 5777 

60 p 

BD 182 

160p 

2N 6027 

50p 

BD 241 

65p 

3N 21 1 

"•Op 

BD 242 

65p 


BD 607 

80p 


- 4 


6800/100 520p 

10000/70 560p 

10000/100 620p 

15000/70 700p 

15000/100 850p 
22000/70 1050p 

22000'100 1200p 


Variable Fuzz Box 9984 .£5.75 

Digisplay 80067 £5.75 

Fuel Economiser 81013 . P.O.A. 

Fuel Consumption Meter 81035/1 /2/3/4 P.O.A. 

Digital Heart Beat Monitor 80145/80071 . P.O.A. 


T. POWELL 

306 ST PAULS ROAD HIGHBURY CORNER 
LONDON N1 01-226 1489 SHOP HOURS 


OPTO ELECTRONICS 

Hewlett-Packard 

5082 - 7730 

180p 

5082 - 7750 

180p 

5082 - 7760 

180p 

LT. DL. 747 

180p 

FND 359 

120p 

FND 500 

130p 

LED's .125 or .2 


Red/green/amber 

15p each 

TIL 78 

70p 

Futaba 4LT16 

500p 

- 4 



9 5.30 PM 
9 4.30 PM 



ORDERS: 

ADD 40p POST/PACKING 
ADD 15% VAT TO TOTAL 


DIGITAST SWITCHES 

White/green/orange/red/blue 
grey/black. 75p each 


Minimum telephone Orders £5.00 
Minimum Maii Order £1.00 


LATE EXTRA 
SPECIAL OFFER 

MULLARD 
COMPUTER 
ELECTROLYTICS 
21000/LtF 40 Volts 

Screw Terminals 

£3.50 each 

LARGE QUANTITY 
AVAILABLE 

























































